(12) DEMANBE INTERNATIONALE PUBLIEE EN VERTU DU TRAITIE DE COOPlfeRATION 

EN MATIERE DE BREVETS (PCT) 




(119) Organisati n Mondiale de la Propri^t^ 
Intellectuelle 
Bureau international 

(43) Date de la publication Internationale (10) Num^ro de jpubHcation Internationale 

21 d^cembre 2000 (2L12.2000) pCT WO (00/76452 A2 

(51) Classification intemationaledes brevets^: A61K (FR). JOZEFOWICZ, Marcel [FR/FR]; 65. Deuxieme 

avenue, F-60260 Lamodaye (FR). CORREl[A, Jo$£ 
(21) Numero de la demande intemationale: [PT/FR]; 1184, loute de Lille, F-59230 Saint Amand les 

PCT/FROO/01658 HUYNH, Remi [FR/FR]; Appartement 86, 

Residence les Palombes, Avenue des Peupliers, F-59230 
Saint Amand les Eaux (FR). 



(22) Bate de depot international: 15 juin 2000 (15.06.2000) 

(25) Langue de depdt: fi:an9ais 

(26) Langue de publication: fran^ais (gi) gtats designes (national)! CA, JP, US. 



(74) Mandataires: ORES» Beatrice etc.; Cabinet Ores, 6, av- 
enue de Messine, F-75008 Paris (FR). 



(30) Donnees relatives a la priorite: (84) Etats d^sign^ (regional): brevet europden (AT, BE, CH, 

99/07636 16 juin 1999 (16.06.1999) FR CY, DE, DK, ES. H, FR, GB, GR, IE, IT. LU. MC, NL. PT, 

SE). 

(71) D^posant (pour tous les Etats designes sauf US): ITERFI 
[FR/FR]; 1 8, rue Camille Desmoulins. F-92300 LevaUois- Publi€e: 

Ferret (FR). — Sans rapport de recherche intemationale, sera republiee 

des reception de ce rapport 

(72) Inventeurs; et 

(75) Inventeurs/D^posants (pour US seulement): DAHRI- En ce qui concerne les codes a deux lettres et autres abrevia- 
CORREIA,Latifa [FR/FR]; 1184, route de Lille, F-59230 tions, se referer aux "Notes explicatives relatives aux codes et 
Saint Amand les Eaux (FR). JOZEFONVICZ, Jacque- ahreviations" figurant au debut de chaque numero ordinaire de 
line [FR/FR]; 65, Deuxieme avenue, F-60260 Lamorlaye la Gazette du PCT. 



(54) Title: PHARMACEUTICAL COMPOSITIONS WITH WOUND HEALING OR ANTI-COMPLEMENTARY ACTIVITY 
COMPRISING A DEXTRAN DERIVATIVE 

(54) Titre: COMPOSITIONS PHARJSIACEUTIQUES A ACTION CICAIRISANTE OU ANTI-COIVIPLEMENTAIRE COMPRE- 
NANT UN DERIVE DE DEXTRANE 



(57) Abstract: The invention concerns phannaceutica] compositions with wound healing or anti-complementary activity, and their 
^ uses, said compositions comprising. (1) at least a dextran derivative of general fonnula DMCaBbSuc, a, b, and c respectively repre- 
^ senting the degrees of substitution in the groups MC, B and Su, wherein a > 0.6, b = 0 or > 0.1 , and c = 0 or ranges widely between 
^ 0.1 and 0.5 for a wound healing composition, and a > 0.3, b > 0.1 and c = 0 or ranges widely between 0. 1 and 0.4 for a composition 
^ with anti-complementaiy activity; (2) and at least a pharmaceuticaUy acceptable carrier, said dextran derivative being present in a 
\\ff) single unit dose or at a concentration adapted to the desired wound healing or anti-complementary activity. 

(j*^ (57) Abrege: L invention se rapporte a des compositions pharmaceutiques a action cicatrisante ou anti-compl6mentaire, ainsi qu*a 
^ leurs utilisations, lesdites compositions comprenant: (1) au moins un deriv^ de dextrane de formule generale DMCaBbSUc, a, b et c 
Q repidsentant respectivement les degrcs de substimtion en groupements MC, B et Su, dans iaquelle a est > k 0,6, b est egal a 0 ou ^ ^ 
0,1 et c est 6gal a 0 ou compris. de fa^on laige, entre 0,1 et 0,5 dans le cas d'une composition a action cicatrisante, et a est ^ 0,3, b 
Q est > a 0, 1 et c est dgal i 0 ou compris, de fa9on large, entre 0,1 et 0,4 dans le cas d'une composition a action anti-complementaire, (2) 
^ ainsi qu'au moins un excipient acceptable du point de vue pharmaceutique, ledit derive de dextrane etant present ^ une dose unitaire 
^ ou k une concentration adaptee h. Taction cicatrisante ou anti-compl^mentaire recherchde. 
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COMPOSITIONS PHARMACEUTIQUES A ACTION CICATMSANTE OU 
ANTI-COMPLEMENTAIRE COMPRENANT UN DERIVE DE DEXTRAPffi: 
La presente invention est relative a des compositions 
pharmaceutiques a action cicatrisante ou anti-complementaire comprenant au moins 
5 un derive de dextrane. 

DifFerents dextranes substitues par des chaines laterales portant des 
groupes carboxylates et sulfonates ont ete decrits. En particulier, des derives du 
dextrane comportant respectivement 83% ou 110% d'unites substituees par des 
groupes carboxymetyles, 23 % ou 2,6 % d' unites substituees par des groupes 
10 carboxymethylbenzylamides et 13 % ou 36,5 % d'unites substituees par des groupes 
sulfonates (groupements sulfonates portes par les unites carboxymethylbenzylamides), 
a savoir respectivement le RGTA9 et le RGTAl 1, ont ete decrits pour leur action in 
vrvo, chez le rat, sur la reparation cutanee (A. Meddahi et aL, Path. Res. Pract., 1994, 
190 , 923-928 ; A. Meddahi etaL, Diabetes & Metabohsm (Paris), 1996, 22, 274-278) 
15 et sur la regeneration musculaire (A. Aamiri et al., Neuroscience Letters, 1995, 20K 
243-246 ; J. Gautron et aL^ C. R. Acad. Sci. Paris, Life sciences. Cell biology, 1995, 
318, 671-6 ; A . Aamiri etal., C. R. Acad. Sci. Paris, Life sciences, Neurosciences, 
1995, 318, 1037-43). 

En ce qui conceme la reparation cutanee, A. Meddahi et aL (ibid) 
20 proposent de combler des plaies cutanees par des pieces de coUagene imbibees d'une 
solution de RGTA9 ou de RGTAl 1 ; dans ces conditions, une amelioration de la 
Vitesse et de la qualite de la regeneration cutanee est constatee. EUe pourrait 6tre 
expliquee en ce que le RGTA9 ou le RGTAl 1 piegent, protegent et liberent les 
facteurs de croissance endogenes naturellement secretes au cours de la cicatrisation 
25 cutanee. La protection des facteurs de croissance pennettrait d'eviter leur degradation 
par les proteases naturelles, preservant ainsi leur aptitude a stimuler la reparation 
tissulaire. 

Dans le domaine de la regeneration musculaire, A. Aamiri et aL et 
J. Gautron et aL (ibid) proposent d'injecter a des rats, dont les muscles rapides (EDL : 
30 Extensor Digitorium Longus) et/ou lents (soleus) ont ete ecrases, une solution de 
RGTAl 1. lis constatent une meilleure regeneration des muscles suite a cette 
injection : les muscles traites presentent un plus grand nombre de fibres musculaires et 
une reinnervation plus rapide. 

Toutefois, les RGTA9 et 11 precites, de par leur procede de 
35 preparation, ont rinconvenient de presenter une distribution irreguliere des 
groupements chimiques (carboxymethyles, carboxymethylbenzylamides et sulfonates) 
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j et des chaines polysaccharidiques, conduisant a un produit final heterogene, dont il est 

difficile de controler les proprietes. 

Les Inventeurs se sont done donnes pour but de selectionner des 
derives de dextrane differents des composes RGTA9 et 11 deja decrits afin de 
5 pourvoir a des compositions pharmaceutiques a action anti-complementaire ou a 
action cicatrisante, notamment dans les domaines des cicatrisations cutanee, 
I musculaire, oculaire ou de la muqueuse gastrique, qui repondent mieux au besoin de la 

I pratique, notamment en ce qu'elles presentent une activite accrue, et qui soient aptes a 

etre administrees chez Thomme, et ce sous des formes et a des doses adaptees a une 
I 10 efficacite optimale. 

Ainsi, les Inventeurs ont mis au point des compositions 
' pharmaceutiques a action cicatrisante et anti-complementaire a base de derives de 

I dextrane particuliers. 

! La presente invention a pour objet une composition phannaceutique 

, 15 a action cicatrisante comprenant : 

(1) au moins im derive de dextrane de formule generate DMCaBbSUc, 

dans laquelle : 

D represente une chaine polysaccharidique, de preference constituee 
I par des enchainements d'unites glucosidiques, 

I 20 MC represente des groupes methylcarboxylates, 

B represente des groupes carboxymethylbenzylamides, 
Su represente des groupes sulfates (sulfatation des fonctions 
hydroxyles libres portees par les unites glucosidiques), 

a, b et c representent le degre de substitution (ds), exprime par 
25 rapport au nombre de fonctions hydroxyles libres dans une unite glucosidique du 
dextrane, respectivement en groupements MC, B et Su ; a etant > a 0,6, b etant egal k 
0 ou > a 0,1 et c etant egal a 0 ou compris, de fa9on large, entre 0, 1 et 0,5, 

(2) ainsi qu'au moins un excipient acceptable du point de vue 

phannaceutique, 

30 ledit derive de dextrane etant present a une dose unitaire comprise 

entre 0,1 et 50 mg. 

On entend par « excipient » tout adjuvant ou vehicule sans action 
pharmacologique mais permettant la fabrication, la conservation ou T administration 
de la composition phannaceutique. Tout excipient acceptable du point de vue 

35 phannaceutique, choisi par exemple parmi les excipients couramment utilises en 
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galenique, peut etre utilise dans la composition pharmaceutique a action cicatrisante 
selon rinvention. 

La composition phamiaceutique selon T invention comprend ainsi 
des derives de dextrane qui sont significativement differents de ceux decrits dans TArt 
5 anterieur sous les denominations RGTA9 et 11, et ce notamment en ce qu'ils ne 
comprennent pas d'unites sulfonates. 

Les derives du dextrane definis ci-dessus sont consideres conrnie 
etant des copolymeres constitues par des sous-unites fictives R-OH et R-OX, X 
pouvant etre un groupement methylcarboxylate (MC), benzylamide (B) ou sulfate 
10 (Su), la chaine polysaccharidique du dextrane non substitue etant consideree comme 
etant constituee par 300 sous-unites fictives R-OH, au lieu de 100 unites 
glucosidiques, eu egard au fait qu'une unite glucosidique non substitute comporte 
trois groupes hydroxyles libres. Ainsi, un dextrane methylcarboxylate (DMC) avec un 
degre de substitution (ds) de 1,2 en groupements methylcarboxylates contient 1,20 
15 groupement substitue (R-MC) et 1,80 groupement hydroxy le libre (R-OH), par unite 
glucosidique. II est bien entendu que la somme des degres de substitution a, b et c, 
dans la formule generale DMC^BbSu^ definie ci-dessus, est inferieure ou egale a 3. 

Les derives du dextrane de formule generale DMCaBbSu^, telle que 
definie ci-dessus, peuvent etre obtenus par un procede qui comprend les etapes 
20 suivantes, comme decrit dans le Brevet firanfais 2 772 382 : 

a) carboxymethylsation comprenant (i) I'activation d'un dextrane 
non substitue, par mise en contact dudit dextrane avec un milieu hydro-alcoolique 
liquide biphasique basique pendant au moins 1 h sous agitation, (ii) addition de Tacide 
monochloroacetique au produit active obtenu, a une temperature comprise entre 40 et 

25 90°C, de preference a 60°C, le rapport R^c, egal au nombre de moles d'acide 
monochloracetique/nombre de moles d'OH etant compris entre 0,3 et 2, (iii) isolement 
et eventuellement purification du dextrane methylcarboxylate (DMC) obtenu ; 

b) couplage de la benzylaimiiie sur ks grotapes methylcarboxy- 
lates (benzylamidification) comprenant (i) la mise en contact, pendant au moins 2 h et 

30 en milieu aqueux acide, du DMC obtenu en a) avec une amine primaire 
(benzylamine), en presence d'une carbodiimide hydrosoluble telle que le 
l-cyclohexyl-3-(2-morpholinoethyl)-carbodiimide meta-/7-toluene sulfonate (CMC) ou 
le chlorohydrate de l-ethyl-3-(3-dimethylamino-propyl)-carbodiimide (EDC) comme 
agent de couplage, a une temperature comprise entre 0°C et 30°C, le rapport molaire 

35 carbodiimide hydrosoluble/MC etant compris entre 0,25 et 2 et le rapport molaire 
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benzylamine/MC etant compris entre 0,25 et 2, (ii) risolement du dextrane 
methylcarboxyle benzylamide (DMCB) obtenu et eventuellement sa purification ; 
cette etape, realisee en milieu homogene et en presence d'une carbodiimide 
hydrosoluble comme reactif de couplage, permet de maitriser la reaction et done la 
5 preparation du produit final, ce dernier presentant une homogeneite de la distribution 
des tailles de chaines, illustree par un profil d'elution de type gaussien symetrique en 
chromatographie d'exclusion sterique haute performance, et une homogeneite de la 
distribution des groupements chimiques charges, illustree par un profil d'elution a un 
seul pic sjmetrique en chromatographie d'echange d'ions basse pression ; puis 
10 c) sulfattatioe comprenant (i) la formation d'un sel de 

trialkylammonium du DMCB obtenu en b), (ii) la solubilisation du sel obtenu dans un 
solvant polaire anhydre, generalement une base de Lewis (donneur d'electron), telle 
que le dimethylsulfoxyde (DMSO) ou la dimethylformamide (DMF) et (iii) Tajout 
audit sel en solution, d'un complexe a base de trioxyde de soufi'e tel que SO^-pyridine, 
15 SOj-triethylamine ou SO3-DMF en solution dans le meme solvant, a une temperature 
inferieure a 70°C, le rapport molaire complexe a base de trioxyde de soufire/OH fibres 
etant compris entre 0,25 et 12. 

Les derives de dextrane obtenus conformement a un tel proced6, qui 
sont utilises dans la composition pharmaceutique selon Tinvention, presentent une 
20 homogeneite de la distribution des tailles de chaines, illustree par un profil d'elution 
de type gaussien symetrique en chromatographie d'exclusion sterique haute 
perforaiance, et une homogeneite de la distribution des groupements chimiques 
charges, illustree par un profil d'elution a un seul pic symetrique en chromatographie 
d'echange d'ions basse pression. Ces derives de dextrane sont tels que la distribution 
25 des groupements chimiques confere au produit final une propriete biologique 
specifique ; une telle distribution a pour consequence que la composition chimique de 
chaque chaine polysaccharidique est identique a la composition chimique globale du 
produit. De ce fait, il existe une composition chimique optimale pour une activite 
biologique specifique maximale ; il y a done une relation directe entre la propriete 
biologique consideree et la composition chimique globale du produit. 

De fa9on particulierement avantageuse, la composition selon 
r invention, qui comprend au moins un derive de dextrane tel que decrit ci-dessus, a la 
dose unitaire sus-mentionnee, permet d'obtenir une action cicatrisante 
particulierement efficace. 

Cette propriete est liee a Tinteraction entre les derives de dextrane et 
les facteurs de croissance qui sont naturellement secretes au niveau d'un site lese, 
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comme cela a ete demontre notamment par A. Meddahi etal dans Journal of 
Biomedical Materials Research, 1996, M, 293-297, par J. Lafont etal dans Growth 
factors, 1998, 16, 23-38 et par F.Blanquaert etal dans Journal of Biomedical 
Materials Research, 1999, 44, 63-72, F.Blanquaert etal {ibid) ont montre qu'un 

5 degre de substitution eleve en unites sulfonates est important pour qu'un derive de 
dextrane interagisse avec des facteurs de croissance. De fafon surprenante, les derives 
de dextrane utilises dans la composition pharmaceutique selon Tinvention, qui ne 
comprennent pas de groupes sulfonates, sont neanmoins capables de proteger les 
facteurs de croissance, tels que les FGFs {Fibroblast Growth Factors), les TGF-a et p 

10 {Transforming Growth Factors), les IGFs {Insulin-like Growth Factors), les EGFs 
{Epidermal Growth factors) et les PDGFs {Platelet-Derived Growth factors) contre 
les degradations proteolytiques et de favoriser ainsi leur action benefique sur la 
cicatrisation. 

L'invention a egalement pour objet Tutilisation de la composition 
15 pharmaceutique definie ci-dessus pour la preparation d'un medicament a action 
cicatrisante. 

Notamment, I'invention a pour objet Tutilisation de la composition 
pharmaceutique definie ci-dessus pour la preparation d'un medicament a action sur la 
cicatrisation de la muqueuse gastrique, auquel cas le derive de dextrane est de 

20 preference present, dans la composition pharmaceutique, a une dose unitaire comprise 
entre 1,5 et lOmg. 

Dans cette utilisation, la composition pharmaceutique, qui se 
presente avantageusement sous la forme d'un gel, d'un pansement gastrique, d'un 
sirop ou d'une solution buvable, est adaptee a une administration par voie orale, 

25 De fafon particulierement avantageuse, le derive de dextrane peut 

etre enrobe dans un vecteur permettant sa liberation prolongee ou sa liberation 
specifique en un site donne. II peut s'agir par exemple d'un enrobage gastroresistant. 
L'invention a egalement pour objet Tutilisation de la composition pharmaceutique 
definie ci«dessus pour la preparation d'un medicament a action sur la cicatrisation 

30 musculaire, auquel cas le derive de dextrane est de preference present, dans la 
composition pharmaceutique, a une dose unitaire comprise entre 0,5 et 50 mg. 

Une telle composition pharmaceutique se presente par exemple sous 
la forme d'un gel ou d'une pommade (pour une utilisation par application exteme 
locale), ou encore sous la forme d'une solution isotonique, c'est-a-dire d'une solution 

35 dont la pression osmotique est la meme que celle du sang. Dans ce dernier cas, la 
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composition pharmaceutique est adaptee a une administration par voie parenterale, par 
exemple sous la forme d'une injection intramusculaire. 

L'invention a egalement pour objet I'utilisation de la composition pharmaceutique 
definie ci-dessus pour la preparation d'un medicament a action sur la cicatrisation 
5 oculaire, auquel cas le derive de dextrane est de preference present, dans la 
composition pharmaceutique, a une dose unitaire comprise entre 0,1 et 10 mg. 

Dans cette utiUsation, la composition pharmaceutique se presente 
par exemple sous la forme d'un coUyre ou d'une pommade ophtalmique. 

La presente invention a egalement pour objet une composition 
10 pharmaceutique a action sur la cicatrisation cutanee, adaptee a une administration par 
la voie topique, comprenant : 

(1) au moins un derive de dextrane de formule generale DMC^BbSu^ 
tel que defini precedemment, 

(2) ainsi qu'au moins un excipient acceptable du point de vue 

15 pharmaceutique, 

ledit derive de dextrane etant present a une concentration inferieure a 
10 % (en poids/volume). 

L'invention a egalement pour objet I'utilisation d'une telle 
composition pharmaceutique pour la preparation d'un medicament a action sur la 
20 cicatrisation cutanee, destine a etre administre par la voie topique. 

Dans cette utiUsation, la composition pharmaceutique pent se 
presenter sous la forme d'une pate, d'une pommade, d'un liquide aqueux, d'trn liquide 
huileux, d'un gel aqueux, d'un gel huileux, d'un aerosol, d'une mousse, d'une 
microemulsion, d'une emulsion multiple, de liposomes ou de nanoparticules, 
25 On entend par « pate » une pate anhydre, par exemple a base de 

propylene glycol, de glycerol ou d'acide stearique. Une pommade pent etre obtenue en 
utilisant du polyethylene glycol, de la vaseline ou encore de la paraffine liquide. 

Ladite composition pharmaceutique pourrait egalement, par 
exemple, se presenter sous la forme d'une poudre, c'est-a-dire d'un lyophilisat apte a 
30 etre remis sous la forme d'une solution au moment de son utilisation. 

La composition pharmaceutique a action sur la cicatrisation cutanee 
selon r invention peut etre appliquee sur la plaie cutanee par la voie topique (voie 
locale exteme), soit directement, soit par Tintermediaire d'un dispositif medical tel 
qu'une compresse, de fa9on classique une compresse en coton ou en tissu, qui est 
35 imbibee de la composition selon l'invention, a la concentration indiquee ci-dessus. 
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La presente invention a egalement pour objet une composition 
pharmaceutique a action anti-complementaire comprenant : 

(1) au raoins un derive de dextrane de foraiule generale DMCaBbSu^,, 

dans laquelle : 

5 D represente une chaine polysaccharidique, de preference constituee 

par des enchainements d'unites glucosidiques, 

MC represente des groupes methylcarboxylates, 
B represente des groupes carboxymethylbenzylamides, 
Su represente des groupes sulfates (sulfatation des fonctions 
10 hydroxyles libres portees par les unites glucosidiques), 

a, b et c representent le degre de substitution (ds), exprime par 
rapport au nombre de fonctions hydroxyles libres dans une unite glucosidique du 
dextrane, respectivement en groupements MC, B et Su ; a etant > a 0,3, b etant > a 0,1 
et c etant egal a 0 ou compris, de fa9on large, entre 0,1 et 0,4, 
15 (2) ainsi qu'au moins un excipient acceptable du point de vue 

pharmaceutique, 

ledit derive de dextrane etant present a une dose unitaire comprise 

entre 5 et 30 mg. 

On entend par « excipient » tout adjuvant ou vehicule sans action 

20 pharmacologique mais permettant la fabrication, la conservation ou radministration 
de la composition pharmaceutique. Tout excipient acceptable du point de vue 
pharmaceutique, choisi par exemple parmi les excipients couramment utilises en 
galenique, peut etre utilise dans la composition pharmaceutique a action anti- 
complementaire selon rinvention. 

25 La composition pharmaceutique a action anti-complementaire selon 

rinvention comprend ainsi des deriv6s de dextrane qui sont significativement 
differents de ceux decrits dans TArt anterieur sous les denominations RGTA9 et 1 1, et 
ce notamment en ce qu'ils ne comprennent pas d'unites sulfonates. 

Les derives de dextrane de formule generale DMC^BbSu^ presents 

30 dans la composition pharmaceutique a action anti-complemeritaire selon rinvention 
sont identiques a ceux decrits precedemment en rapport avec les compositions 
pharmaceutiques a action cicatrisante conformes a la presente invention. lis peuvent 
notamment etre obtenus par le procede decrit dans le Brevet fran^ais 2 772 382, 
auquel cas ils presentent une homogeneite de la distribution des tailles de chaines, 

35 illustree par un profil d'elution de type gaussien symetrique en chromatographic 
d' exclusion sterique haute performance, et une homogeneity de la distribution des 
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groupements chimiques charges, illustree par un profil d'elution a un seul pic 
symetrique en chromatographie d'echange d'ions basse pression. 

De fafon particulierement avantageuse, la composition 
pharmaceutique selon Tinvention, qui comprend au moins un derive de dextrane tel 
5 que decrit ci-dessus, a la dose unitaire sus-mentionnee, permet d'obtenir une action 
anti-complementaire particulierement efficace, et peut etre utilisee dans tous les types 
de maladies ou de traitements faisant intervenir T activation du systeme du 
complement (maladies autoimmunes, rejets de greffes, epurations plasmatiques ou 
sanguines ...)• 

10 L'invention a egalement pour objet Tutilisation de la composition 

pharmaceutique a action anti-complementaire definie ci-dessus pour la preparation 
d'un medicament a action anti-complementaire. 

Dans cette utilisation, la composition pharmaceutique se presente 
avantageusement sous la forme d'une solution isotonique. Elle est alors administree 
1 5 par injection (par exemple une injection intraveineuse ou intramusculaire). 

La presente invention a, en outre, pour objet un pansement, 
caracterise en ce qu'il est imbibe de la composition pharmaceutique a action sur la 
cicatrisation cutanee, adaptee a une administration par la voie topique, telle que decrite 
precedemment. 

20 On ne sortirait pas du cadre de la presente invention en ajoutant aux 

compositions pharmaceutiques a action cicatrisante -ou anti-complementaire decrites 
ci-dessus, si cela est necessaire, des additifs acceptables du point de vue 
pharmaceutiques, par exemple des conservateurs, des antioxydants, des antibacteriens, 
des facteurs de penetration, des colorants, des edulcorants et des aromes, ainsi que un 

25 ou plusieurs autres principes actifs, par exemple un antibiotique. 

Les compositions pharmaceutiques a action cicatrisante ou anti- 
complementaire conformes a I'invention peuvent etre utilisees aussi bien en sante 
humaine qu'en sante animale (c'est-a-dire dans le cadre d'un usage vet6rinaire). 

En ce qui conceme les doses unitaires mentionnees ci-dessus pour 

30 les compositions pharmaceutiques a activite cicatrisante ou anti-complementaire selon 
I'invention, elles sont indiquees par rapport a un individu adulte d'environ 70 kg; 
toutefois, il est bien entendu que THomme de I'Art adaptera ces doses en fonction du 
poids, de Page et de la pathologic ou des symptomes de Tindividu. 

Outre les dispositions qui precedent, Tinvention comprend encore 

35 d'autres dispositions, qui ressortiront de la description qui va suivre, qui se refere a 
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des exemples de mise en oeuvre du precede objet de la presente invention ainsi qu'aux 

dessins annexes, dans lesquels : 

- la figure 1 illustre sch6matiquement la structure d'un dextrane 
substitue par les differents groupements cbimiques fixes sur les unites glucosidiques ; 
la position du substituant sur les differents carbones des unites de base glucosidiques 
est presentee en 2, k titre d'exemple ; 

- la figure 2 illustre I'activite anti-complementaire d'un deriv6 de 
dextrane de formule generate DMC^^SUc ; dans cette figure, le CH50 (%), mesure 
comme indique dans I'exemple 5, est represente en fonction du temps (heures) ; 

- la figure 3 represente la cicatrisation, apres 3 et 7 jours (J3 et J7), 
d'incisions cutan^es dorsales pratiquees sur des rats, les plaies etant traitees soit par 
une solution physiologique (photographies de la colonne 1), soit par une solution d'un 
derive de dextrane de formule generate DMC3BbSu, (photographies de la colonne 2). 

II doit etre bien entendu, toutefois, que ces exemples sont donnes 
15 uniquement a titre d' illustration de I'objet de I'invention. dont ils ne constituent en 
aucune maniere une limitation. 

EXEMPLE 1 : Abserace de groupes sulfonates dans les dif76rents d6riv& de 
dextrane de formule geiaerale DMCASUc wtiOises dans les compositioms 
pharmaceutiques selon la presente invention. 

20 a)Protocole 

Le protocole de desulfatation suivant, propre a desulfeter divers 
produits sans eliminer des groupes sulfonates 6ventuellement presents, a et6 suivi. 

Le produit sous forme de sel de sodium (250 mg, 10 ml) est agit6 
lentement a temperature ambiante avec 3 ml de resine echangeuse de cations 

25 (Amberlite® IR120 H+, 16-45 mesh, capacite d'echange totale : 1,9 meq/ml). Apres 
2 h, la solution acide est filtree, neutralisee avec de la pyridine (1 a 2 ml) jusqu'a un 
pH de 6-6,5 et 6vaporee a sec. Le sel de pyridinium obtenu est repris 3 fois avec 10 ml 
de methanol anhydre et evapore k sec. 

Le residu est disperse dans 25 ml d'un melange 90:9:1 en 

30 dimethylsulfoxyde (DMSO), methanol et pyridine. La solution est agitee dans un bain 
d'huile chauffe a 90°C pendant 72 h. La reaction est arretee en ajoutant 20 ml d'eau 
bidistiUee ftoide, puis le melange est neutralise avec une solution aqueuse de NaOH 
IM. Le produit desulfate est purifie par chromatographie d'exclusion sterique basse 
pression sur une colonne Sephadex® G15 puis diafiltre sur cellule equipee d'une 

35 membrane de seuil de coupure 1000 Da. Entre 160 et 210 mg de produit desulfate sont 
obtenus. 
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Les produits soumis a ce protocole sont des derives de dextrane dont 
ies compositions sont les suivantes, D, MC, B, Su et S representant respectivement les 
unites glucosidiques de la chaine polysaccharidique, les groupes methylcarboxylates, 
les groupes carboxymethylbenzylamides, les groupes sulfates et les groupes 
5 sulfonates : 

A : DMC3BbSUeSd : a = 0,87, b = 0,16, c = 0,5 et d = 0,10, 
B : DMQBbSUeSd : a = 0,87, b = 0,16, c = 0,6 et d = 0,07, 
C : DMCASu^Sd : a = 0,87, b = 0,16, c = 1,0 et d = 0,05, 
D : DMQBbSu, : a = 0,81, b = 0,18 et c = 0,40, 
10 E : DMCASUc : a == 0,81, b = 0,18 et c = 0,30, 

F : DMC.Su^ : a = 0,95 et c = 0,48, 
G : DMC^Su, : a = 0,95 et c = 0,93 

Les composes A a C, F et G correspondent a des composes de 
reference, alors que les composes D et E correspondent a des derives de dextrane 
15 utilises dans les compositions pharmaceutiques selon T invention, 
b) Resultats 

Le tableau I regroupe les teneurs en soufre, mesurees par analyse 
elementaire, par rapport a 100 g du derive de dextrane, avant et apres desulfatation 
pour chacun des produits A a G decrits ci-dessus. 

20 



Tableau I : teneurs en soufre. 



Derive de dextrane 


Avant desulfatation. 

Soufre (g/1 00 g) 


Apres desulfatation. 

Soufre (g/100 g) 


A 


1,91 


0,43 


B 


2,00 


0,25 


C 


3,00 


0,15 


D 


1,18 


0 


E 


0,96 


0 


F 


1,66 


0 


G 


2,80 


0 



Apres desulfatation, on constate Tabsence totale de soufre dans les 
produits D a G, prepares a partir d'un complexe S03-pyridine, alors que les produits A 
25 a C presentent un taux en soufre nettement inferieur, mais non nul. II ressort done de 
ces resultats que Fabsence de soufre correspond a Tabsence de groupes sulfonates. 
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Pour confirmer ce resultat, un sel de sodium de Tacide sulfanilique 
(sel de sodium de Tacide para-aniline-sulfonique : H^N-C^Hs-SO^Na) a ete couple a un 
derive de dextrane de fonnule generale DMCa, dans laquelle a = 0,95, en suivant le 
meme procede que celui precedemment decrit pour coupler la benzylamine sur un 
5 derive de dextrane portant des groupes carboxymethyles. Le derive obtenu ne contient 
done, outre des groupes carboxymethyles, que des groupes sulfonates. Sa teneur en 
soufre est de l,20g/100g. Apres soumission de ce derive au protocole de 
desulfatation decrit ci-dessus, sa teneur en soufre est de l,08g/100g. Les 
groupements sulfonates ne sont done globalement pas atteints par le procede de 
10 desulfatation. L*absence de soufre dans les derives du dextrane traites par 
desulfatation signifie done bien une absence de groupes sulfonates. 

II ressort ainsi de cet exemple que les derives de dextrane de formule 
generale DMCaBbSu^ utilises dans les compositions pharmaceutiques selon la presente 
invention ne possedent pas de groupes sulfonates. 
15 EXEMPLE 2 : Action d'aain derive de dextrame de formwle geeerale DMCaBbSnjij. 
in vivo SMr la cicattrisationi cutaniL^e. 

a) Protocole 

Les animaux utilises sont des lapins albinos de souche 
neo-zelandaise, iges de 1 an et pesant de 3,5 a 4,0 kg. On utilise deux lots d*animaux, 
20 chacun etant constitue de 6 males et de 6 femelles. Le premier lot est traite par un 
derive de dextrane de fonnule generale DMC^BbSu^ avec a= 0,80, b= 0,20 et 
c = 0,20, alors que le deuxieme lot sert de controle, les animaux ne recevant qu'une 
solution physiologique. 

Le protocole suivi est le suivant : 
25 - deux plaies cutanees dermo-epidermiques de 6 mm de diametre 

sont pratiquees de part et d'autre de Taxe vertebral, 

- une compresse imbibee, selon les lots d'animaux, soit d'une 
solution a 50 |Lig/ml, dans un tampon PBS, du derive de dextrane mentionne ci-dessus, 
soit d'une solution physiologique, est appliquee deux fois par jour sur les plaies 

30 cutanees, 

- des examens des plaies et de Tetat general des animaux sont 
realises quotidiennement, revolution de la cicatrisation etant effectuee par des 
prelevements au niveau des plaies a J2, J4, J6, J8, JIG, J15 et J30 (le processus 
cicatriciel est considere en jours a partir de la date a laquelle les plaies cutanees sont 

35 effectuees), 

- les prelevements sont prepares sous forme de coupes et sont 
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analyses par des etudes histologiques. 
b) Resuitats 

Les differents phenomenes histologiques constates sont resumes 
dans les tableaux II a IV ci-apres. 

5 Le tableau 11 resume I'etat de la matrice extracellulaire en fonction 

du nombre de jours de cicatrisation, selon les criteres suivants : presence de cellules 
inflammatoires et de fibroblastes (0 : absence de ces cellules ; + + et + -h + : 
presence de ces cellules, leur nombre etant d'autant plus important que le nombre de 
signes + est eleve) et caracteristiques des vaisseaux sanguins (-H : presence de 

10 vaisseaux ; 0 : absence de vaisseaux ; haut : vaisseaux etudies sur la partie superieure 
de la coupe histologique ; bas : vaisseaux etudies sur la partie inferieure de la coupe 
histologique, correspondant a la partie la plus proche du derme). 



Tableau II : matrice extracellulaire. 



Jours de 
cicatrisation 


Cellules 
innammatoires 


Fibroblastes 


Vaisseaux (vx) 




Animaux 
traites 


contrdle 


Animaux 
traites 


contrdle 


Animaux 
traites 


contrdle 


2 


+ 


+ + + 


+ • 


0 


0 


0 


4 


+ 


+ + 






haut : vx 
arrondis 
bas : vx 
matures 


haut :0 
bas : vx 
diriges 
vers le haut 
de la plaie 


6 


0 




+ + + 


+ + 


vx matures 


haut : vx 
allonges 
et matures 


15 


0 


0 


+ 


++ 


+ 




30 


0 


0 




+ 


peu de vx 


peu de vx 



15 

II ressort du tableau II que la maturation de la matrice extracellulaire 
est plus importance et plus precoce chez les animaux traites par le derive de dextrane 
par rapport au groupe de contrdle. En particulier, les cellules inflammatoires sont 
moins nombreuses dans les plaies traitees par le derive de dextrane, par rapport aux 
20 plaies non traitees, qui revelent une persistance des phenomene inflammatoirc. Dans 
les plaies traitees par le derive de dextrane, on note egalement que les fibroblastes. 
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outre leur apparition plus precoce, sont orientes et produisent une matrice 
extracellulaire plus importante. 

Le tableau in resiune I'etat de Tepiderme, dans les cas ou il est 
present, en fonction du nombre de jours de cicatrisation, le terme « migration » 
5 indiquant une initiation de la reconstruction de Tepiderme par la migration des 
keratinocytes. 



Tableau III : epiderme. 



jours de cicatrisation 


animaux traites 


controle 


2 


absence 


absence 


4 


migration 


migration 


6 


reconstitue et 
differencie 


migration 


15 


mature 


reconstitue et en 
maturation 


30 


mature 


mature 



10 De fa?on classique, la regeneration de I'epiderme implique une 

migration des cellules du derme, suivie d'une phase de reconstruction, au cours de 
laquelle les cellules proliferent, puis d'une maturation de Tepidenne regenere. II 
ressort du tableau III que T epiderme se reconstruit nettement plus vite chez les 
animaux traites par le derive de dextrane que chez les groupe de controle. 

15 Le tableau IV ci-dessous resume la cinetique d'apparition du facteur 

de croissance TGFp {Transforming Growth Factor) au niveau des plaies en fonction 
du nombre de jours de cicatrisation (0 : absence de TGFP ; +, + + et + + + : presence 
de TGPP, en quantite d'autant plus importante que le nombre de signes + est eleve). 

20 Tableau IV : cinetique d'apparition du facteur de croissance TGPp. 



jours de cicatrisation 


animaux traites 


contidle 


2 


0 


0 


4 


+ + + 


+ 


6 


+ 


+ + 


15 


0 


0 


30 


0 


0 
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II ressort du tableau IV que la cinetique d'apparition du facteur de 
croissance TGPp differe chez les animaux traites par un derive de dextrane par rapport 
aux animaux non traites : le TGPP apparait en grande quantite dbs J4 chez les animaux 
traites, alors qu'ii n'apparait substantiellement qu'a J6 chez les animaux non traites, et 
5 ce en quantite moindre. 

EXEMPLE 3 : Autre protocok d'evataatiom de Factnoim m vivo d^un derive de 
dextruEe de formule geiaeirak DMC.E|,Sii]ic sMr la ckadnsattiioini caattaEee. 

a) Protocole. 

Les animaux utilises sont des rats « hairless » ages de 13 semaines, 
10 sur lesquels sont pratiquees des incisions cutanees dorsales de 6 cm de longueur, 
Quatre points de suture sous-cutanes au fil tresse resorbable (polyglatine 910, Vicryl®, 
taille 5/0, ETHICON, France) espaces les uns des autres de 1,5 cm sont realises afin 
de permettre le rapprochement et Tapposition des berges de I'lncision. 
Les animaux sont repartis en deux groupes : 
15 - un premier groupe de 10 rats est traite par une solution a 50 p.g/ml, 

dans un tampon PBS, d'un derive de dextrane de formule generale DMCaB^SUc avec 
a = 0,65, b = 0,12 et c = 0,33, 

- un second groupe de 10 rats, servant de temoin negatif, est traite 
uniquement par une solution physiologique. 

20 Les plaies sont traitees une fois par jour pendant 4 jours avec les 

solutions mentionnees ci-dessus, par application topique a I'aide d'une compresse 
imbibee desdites solutions. Deux heures apres avoir ete traitees, les plaies sont 
recouvertes d'un pansement sterile. Une etude de resistance a la traction des cicatrices 
est realisee apres 3 et 7 jours (J3 et J7) a partir de bandelettes cutanees prelevees au 

25 niveau de la plaie. Un tensiometre est utilise pour mesurer la traction maximale (en 
grammes) exercee sur ces echantillons cutanes avant rupture. 

b) Resultats . 

La resistance a la rupture des plaies a J3 et a J7 est la suivante : 

- plaies traitees par le derive de dextrane : 1500 grammes (J3) et 
30 2200 grammes (J7), 

- plaies traitees uniquement par une solution physiologique : 900 
grammes (J3) et 1200 granunes (J7), 

La figure 3 represente des photographies des plaies traitees 
uniquement par une solution physiologique (photographies de la colonne i) et des 
35 plaies traitees par la solution du derive de dextrane (photographies de la colonne 2). 
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On remarque une cicatrisation de bien meilleure qualite lorsque les plaies sont traitees 
a I'aide du derive de dextrane, par rapport aux plaies des animaux temoins. 
EXEMPLE 4 : Action d'ua dleriv6 de dextrane de formule generate DMCASUc 
in vivo sur la cicatrisation gastriqne. 
5 a) Protocole 

Les animaux utilises sont des rats males Sprague-Dawley, ages de 
12 semaines et pesant de 200 a 250 g. On utilise trois lots d'animaux, chacun etant 
constitue de 4 animaux : 

- le premier lot est traite par un derive de dextrane de formule 
10 generale DMQBbSu, avec a = 0,75, b = 0,25 et c = 0, 1 5, a raison de 50 ^ig/kg, 

- le deuxieme lot sert de controle, les animaux etant traites par un 
dextrane natif T40 (Pharmacia Fine Chemical ; masse molaire moyenne en poids : 
37500 g/mol ; M,yM„ : 1,7, M„ representant la masse moyenne en nombre), a raison de 
50 ^ig/kg, 

15 - le troisieme lot est traite par la prostaglandine E2 (Sigma ; dose de 

10|ig/kg), qui a un effet protecteur de la muqueuse gastrique contre les produits 
irritants induisant une reaction inflanraiatoire locale. Ce lot correspond done a un 
t6moin positif. 

Le derive de dextrane, le dextrane natif et la prostaglandine E2 sont 
20 dissous dans du serum physiologique et administres aux animaux par voie orale. 

Les animaux sont sacrifies a differents stades de la cicatrisation, a 
savoir a J2, J4, J7 et J14, le processus cicatriciel etant considere en jours a partir de la 
date a laquelle Tirritation gastrique est induite. La muqueuse gastrique est r^cuperee 
en vue de deux etudes : 
25 - la quantification de Tatteinte de la muqueuse gastrique, 

- risolement des recepteurs de facteurs de croissance (EOF : 
Epidermal Growth Factor ; PDGF : Platelet-Derived Growth Factor et TGF : 
Transforming Growth Factor). Ces facteurs de croissance sont en effet connus pour 
leur role important dans la cicatrisation gastrique : le TGF et TEGF controlent la 

30 proliferation cellulaire en se fixant sur leurs recepteurs, alors que TEGF favorise la 
restauration tissulaire et 1' apparition de microvaisseaux. 
b) Resultats 

o Atteinte de la muqueuse gastrique. 
Le tableau V regroupe les resultats de I'etude macroscopique de la reaction 
35 inflammatoire au niveau de la muqueuse gastrique, effectuee selon le bareme suivant : 
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(0) Muqueuse nomiale. 

(+) Petites stries hemonragiques superficielles. 

(+ +) Stries hemonragiques superficielles, courtes et larges. 

(+ + +) Stries hemorragiques superficielles, longues et larges. 

5 (+ + + +) Perforations. 



Tableau V : atteinte de la muqueuse gastrique. 



jours 


derive de dextrane 


prostaglandine E2 


dextrane T40 


J2 






+ + + 


J4 


+ 


+ 




J7 


+ 


+ 




J14 


0 


0 





II ressort du tableau V que le derive de dextrane exerce des effets 
10 comparables a ceux de la prostaglandine E2, mais bien meilleurs que ceux du dextrane 
T40. 

Ces resultats traduisent le fait que le derive de dextrane est capable 
de proteger les facteurs de croissance endogenes responsables de T acceleration de la 
cicatrisation de la muqueuse gastrique. 
15 o Recepteiirs de facteurs de croissance. 

La cicatrisation gastrique se manifeste par Faugmentation des 
recepteurs de deux facteurs de croissance : EGF et PDGF. Au jour J4, le groupe traite 
par le derive de dextrane presente 1,7 a 1,8 fois plus de recepteurs a ces deux facteurs 
de croissance que le groupe traite par le dextrane T40. Au jour J7, la quantite de 
20 recepteurs a ces deux facteurs de croissance est 3 fois superieure dans le groupe traite 
par le derive de dextrane, par rapport au groupe traite par le dextrane T40, 
EXEMPLE 5 : Acttion d'uoB derive de dextrame de formule generale DMC,B,,Siuic 
in vivo sur la cicaitrisatioia sntHsculaiire. 

a) Protocole 

25 Les animaux utilises sont des rats males Wistar, ages de 12 semaines 

et pesant de 200 a 300 g. On utilise deux lots d'animaux, chacun etant constitue de 6 
rats. 

Le protocole suivi est le suivant : apres anesthesie par de Tether, les 
muscles des pattes posterieures sont degages de la loge anterieure de la jambe et leses 
30 mecaniquement par application, pendant 10 secondes, d'une pression constante sur 
toute la longueur du muscle a Taide d'une pince de pean maintenue au deuxieme cran. 
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Le muscle est ensuite replace dans sa loge apres avoir re9u une 
injection de 200 soit d'une solution de 20 ^g/ml de derive de dextrane de formule 
generate DMQBbSu, avec a= 0,75, b= 0,25 et c= 0,15 (patte droite), soit d'une 
solution physiologique (patte gauche). Le muscle est laisse en place pendant 3 minutes 
5 afin de laisser le produit diffuser, puis la peau est suturee. 

Les muscles traites (pattes posterieures droites et gauches) sent 
preleves apres 7 jours et congeles a -150°C. Des coupes transversales de 10 ^im sent 
alors effectuees dans la region mediane du muscle. Les coupes sechees sont colorees 
par le trichrome de Gomori. 
10 b) Resultats 

Le tableau VI regroupe Tanalyse morphometrique du nombre de 
fibres et de leur diametre, efFectuee sur des montages micrographiques correspondant 
a une hemi-coupe transversale du muscle. 



15 Tableau VI : Analyse morphometrique des muscles. 





Muscle traite par le derive de 
dextrane 


Muscle traite par le serum 
physiologique 


Diametre des muscles (mm) 


6,5 ±0,3 


4,3 ±0,2 


Nombre de faisceaux 
musculaires par coupe 


21±2 


11±3 


Nombre de fibres par faisceau 


78 ±10 


65+5 


Densite des fibres (nombre/mm^) 


722 ± 52 


83 ±12 



II ressort du tableau VI que les muscles traites par le derive de 
dextrane se regenerent plus rapidement que les muscles non traites : la densite de 
fibres est nettement plus elevee que celle des muscles n'ayant refu qu'une solution de 

20 serum physiologique. Le nombre de faisceaux musculaires et le diametre des muscles 
traduisent respectivement une reorganisation musculaire acceleree et un degre de 
maturation des muscles ameliore dans le cas d*un traitement par le deriv6 de dextrane. 
EXEMPLE 6 : Action d'Mn derive de dextrane de formule generale DMC,lBbS«n^ 
in vivo sur la cicatrisation ocailaire. 

25 a) Protocole 

On utilise 20 lapins albinos de souche neo-zelandaise (10 males et 
10 femelles), ages de 1 an et pesant de 2,5 k 3 kg, auxquels un filtre de 5,5 ram imbibe 
d'une solution de sonde IN a ete place pendant 60 secondes dans Toeil droit, et qui 
sont repartis en 4 groupes de 5 animaux : 
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- le premier groupe est traite, trois fois par jour, par 100 |il d'une 
solution contenant 0,1 ng de FGF-2 (Fibroblast Growth Factor-!) ; 

- le second groupe est traite, trois fois par jour, par 100 |il d'une 
solution isotonique contenant 50 |ug/ml de derive de dextrane de fonnule generale 

5 DMC,BbSu, avec a = 0,75, b = 0,3 1 et c = 0,34 ; 

- le troisieme groupe est traite, trois fois par jour, par 100 |il d'une 
solution contenant 0,1 ng de FGF-2 et 50 |ig/ml du derive de dextrane sus-mentionne ; 

- le quatrieme groupe (controle) est traite, trois fois par jour, par 
100 |il d'une solution de tan[ipon PBS. 

10 La Vitesse de cicatrisation oculaire des quatre groupes d'animaux est 

comparee par des etudes histologiques realisees aux jours Jl, J2, J4, J6 et J8. 
b)Resultats 

II ressort des etudes histologiques realisees que la duree de 
cicatrisation oculaire, exprimee selon une moyenne pour chaque groupe d'animaux, 

15 est de 4 jours pour le troisieme groupe, 5 jours pour le premier groupe, 6 jours pour le 
second groupe et 8 jours pour le groupe de controle. La cicatrisation oculaire est done 
plus rapide chez les animaux traites par le derive de dextrane, par rapport au groupe de 
controle. On remarque egalement que la cicatrisation est plus precoce quand le derive 
de dextrane est combine a un facteur de croissance, et ce en comparaison au derive de 

20 dextrane et au facteur de croissance seul, ce qui montre TefFet protecteur et 
potentialisateur du derive de dextrane utilise dans les compositions selon la presente 
invention vis-a-vis des facteurs de croissance. 

EXEMPLE 7 : Action anti-complementaire in vivo d'un derive de dextrane de 
fonminle generale DMC,BbSne. 
25 a) Protocole 

Les animaux utilises sont des rats males Sprague-Dawley, ages de 
12 semaines et pesant de 200 a 300 g. On utilise trois lots d'animaux, chacun etant 
constitue de 5 rats : 

- le premier lot re9oit une injection de 500 |il d'une solution 
30 contenant du Sephadex® G25 a raison de 20 p.g (le Sephadex® est un activateur de la 

voie alteme du systeme du complement chez Thomme), 

- le second lot revolt une injection de 500 |al d'une solution 
contenant du Sephadex® G25 a raison de 20 ^ig ainsi que 50 ^ig de dextrane natif 
(40 000 g/mol), 

35 - le troisieme groupe refoit une injection de 500 |il d'une solution 

contenant du S^phadex® G25 a raison de 20 |ag ainsi que 50 \ig de derive de dextrane 
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de formule generale DMCjBj,Su, avec a = 0,60, b = 0,35 et c = 0,25. 

En tant qu*activateur du systeme du complement, le lambda- 
carraghenane pent etre utilise a la place du Sephadex® selon ie protocole suivant, qui 
aboutit aux memes resultats que ceux indiques ci-apres : 
5 - le premier lot d'animaux refoit une injection de 200 \xl d*une 

solution de lambda-carraghenane a 1% (mfV) dans du NaCl a 0,9%, 

- le second lot d'animaux re9oit une injection de 200 |al de cette 
solution de de lambda-carraghenane, suivie (30 minutes apres) d'une injection de 
100 |Lil du derive de dextrane, 
10 - le troisieme lot d'animaux refoit une injection de 200 ^1 de cette 

solution de de lambda-carraghenane, suivie (30 minutes apres) d'une injection de 
100 ^il d'une solution saline a 0,9%. 

Le clivage de la proteine C3 est determine par 
immunoelectrophorese avec un anticorps anti-C3. 
15 L'action anticomplementaire est etudiee selon un dosage 

hemolytique ou CHSO, selon un protocole dans lequel le serum des rats, prelev6 k 
difFerents intervalles de temps, est active par des erythrocytes de mouton sensibilises 
par des anticorps de lapin antiglobules rouges de mouton (EA). Par definition, ime 
unite CH50 correspond a la concentration de prot^ines du complement (contenue dans 
20 un millilitre de serum) capable d'induire ITiemolyse de 50 % de 2 x 10 EA actives 
dans un milieu reactionnel ou sont maintenus constants le volume, la temperature et le 
temps de reaction. Le nombre de sites hemolytiques par cellule est calcule. 
b) Resultats 

Une immunoelectrophorese avec un anticorps anti-C3 faite sur le 
25 serum des rats ayant re9u le derive de dextrane (troisieme lot d'animaux) ne montre 
pas de clivage de la proteine C3, contrairement aux serums des rats ayant re9u le 
dextrane natif et/ou le Sephadex® (premier et second lots d'animaux). 

Le dextrane natif n'a aucun effet sur I'inhibition de Tactivation du 

complement. 

30 Le derive de dextrane utilise dans la composition pharmaceutique selon 1' invention 
induit une action inhibitrice du complement tres rapide, comme le montre la figure 2, 
qui represente le CH50 (%) en fonction du temps (heures). Cette se poursuit 4 heures 
apres I'injection. Le CH50 revient a son niveau initial 20 heures apres I'injection. 
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REVENDICATIONS 

1°) Composition pharmaceutique a action cicatrisante comprenant : 

(1) au moins un derive de dextrane de fomule generate DMC^,,SUc, 

5 dans laquelle : 

D represente une chaine polysaccharidique, de preference constitute 
par des enchainements d'unites glucosidiques, 

MC represente des groupes methylcarboxylates, 

B represente des groupes carboxymethylbenzylamides, 
10 Su represente des groupes sulfates (sulfatation des fonctions 

hydroxyles libres portees par les unites glucosidiques), 

a, ^ et c representent le degre de substitution (ds), exprime par 
rapport au nombre de fonctions hydroxyles libres dans une unite glucosidique du 
dextrane, respectivement en groupements MC, B et Su ; a etant > a 0,6, b 6tant egal a 
15 0 ou > a 0,1 et c etant egal a 0 ou compris, de fafon large, entre 0,1 et 0,5, 

(2) ainsi qu'au moins un excipient acceptable du point de vue 

pharmaceutique, 

ledit derive de dextrane etant present a une dose unitaire comprise 
entre 0,1 et 50 mg. 

20 2°) Utilisation de la composition pharmaceutique selon la 

revendication 1 pour la preparation d*un medicament k action cicatrisante. 

3°) Utilisation de la composition pharmaceutique selon la 
revendication 1 pour la preparation d'un medicament k action sur la cicatrisation de la 
muqueuse gastrique. 

25 4°) Utilisation selon la revendication 3, caracterisee en ce que la 

dose unitaire dudit derive de dextrane est comprise entre 1,5 et 10 mg. 

-5°) Utilisation selon la revendication 3 ou la revendication 4, 
caracterisee en ce que ladite composition pharmaceutique se presente sous la forme 
d'un gel, d'un pansement gastrique, d'un sirop ou d'une solution buvable. 

30 6"^) Utilisation selon Tune quelconque des revendications 3 a 5, 

caracterisee en ce que ledit derive de dextrane est enrobe dans un vecteur. 

7°) Utilisation selon Tune quelconque des revendications 3 a 6, 
caracterisee en ce que ladite composition pharmaceutique est adaptee a une 
administration par voie orale. 



wo 00/764S2 



FCT/FROO/011658 



8^) Utilisation de la composition pharmaceutique selon la 
revendication 1 pour la preparation d'un medicament a action sur la cicatrisation 
musculaire. 

9^) Utilisation selon la revendication 8, caracteris6e en ce que la 
5 dose unitaire dudit derive de dextrane est comprise entre 0,5 et 50 mg. 

10°) Utilisation selon la revendication 8 ou la revendication 9, 
caracterisee en ce que ladite composition pharmaceutique se presente sous la forme 
d'un gel, d'une pommade ou d'une solution isotonique, 

11°) Utilisation selon Tune quelconque des revendications 8 a 10, 
10 caracterisee en ce que ladite composition pharmaceutique est adaptee a une 
administration par application locale exteme ou par voie parenterale. 

12°) Utilisation de la composition pharmaceutique selon la 
revendication 1 pour la preparation d'un medicament a action sur la cicatrisation 
oculaire. 

15 13°) Utilisation selon la revendication 12, caracterisee en ce que la 

dose unitaire dudit derive de dextrane est comprise entre 0,1 et 10 mg. 

14°) Utilisation selon la revendication 12 ou la revendication 13, 

caracterisee en ce que ladite composition pharmaceutique se presente sous la forme 

d'un coUyre ou d'une pommade ophtahnique. 
20 15°) Composition pharmaceutique a action sur la cicatrisation 

cutanee, adaptee a une administration par la voie topique, comprenant : 

(1) au moins un derive de dextrane de formule generale DMC^BbSUg, 

dans laquelle : 

D represente une chaine polysaccharidique, de preference constituee 
25 par des enchainements d'unites glucosidiques, 

MC represente des groupes methylcarboxylates, 
B represente des groupes carboxymethylbenzylamides, 
Su represente des groupes sulfates (sulfatation des fonctions 
hydroxyles libres portees par les unites glucosidiques), 
30 b et c representent le degre de substitution (ds), exprime par 

rapport au nombre de fonctions hydroxyles libres dans une unite glucosidique du 
dextrane, respectivement en groupements MC, B et Su ; a etant > a 0,6, b etant egal a 
0 ou > a 0,1 et c etant egal a 0 ou compris, de fafon large, entre 0,1 et 0,5, 

(2) ainsi qu*au moins un excipient acceptable du point de vue 

35 pharmaceutique. 
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ledit derive de dextrane etant present a une concentration inferieure a 
10 % (en poids/volume). 

16^) Utilisation de la composition pharmaceutique selon la 
revendication 15 pour la preparation d'un medicament a action sur la cicatrisation 
5 cutanee, destine a etre administre par la voie topique. 

17°) Utilisation selon la revendication 16, caracterisee en ce que 
ladite composition pharmaceutique se presente sous la forme d'une pate, d'une 
pommade, d'un liquide aqueux, d'un liquide huileux, d'un gel aqueux, d'un gel 
huileux, d'un aerosol, d'une mousse, d*une microemulsion, d'une emulsion multiple, 
10 de liposomes ou de nanoparticules. 

IS'') Composition pharmaceutique a action anti-complementaire 

comprenant : 

(1) au moins un derive de dextrane de formule generale DMCaBbSu^ 

dans laquelle : 

15 D represente une chaine polysaccharidique, de preference constituee 

par des enchainements d*unites glucosidiques, 

MC represente des groupes methylcarboxylates, 
B represente des groupes carboxymethylbenzylamides, 
Su represente des groupes sulfates (sulfatation des fonctions 
20 hydroxyles libres portees par les unites glucosidiques), 

a, b et c representent le degre de substitution (ds), exprim6 par 
rapport au nombre de fonctions hydroxyles libres dans une unite glucosidique du 
dextrane, respectivement en groupements MC, B et Su ; a etant ^ a 0,3, b etant > a 0,1 
et c etant egal a 0 ou compris, de fafon large, entre 0,1 et 0,4, 
25 (2) ainsi qu'au moins un excipient acceptable du point de vue 

pharmaceutique, 

ledit derive de dextrane etant present a une dose unitaire comprise 

entre 5 et 30 mg. 

19°) Utilisation de la composition pharmaceutique selon la 
30 revendication 1 8 pour la preparation d'un medicament a action anti-complementaire. 

20°) Utilisation selon la revendication 19, caracterisee en ce que 
ladite composition pharmaceutique se presente sous la forme d'une solution 
isotonique. 

21°) Pansement, caracterise en ce qu'il est imbibe de la composition 
35 pharmaceutique selon la revendication 15. 
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PHARMACEUTICAL COMPOSITIONS WHICH HAVE A HEALING OR 



10 



15 



20 



25 



30 



ANTICOMPLEMENTARY ACTION AND WHICH COMPRISE A DEXTRAN ^ ^ 
DERIVATIVE 

The present invention relates to pharmaceutical ^ 
compositions which have a healing or anticomplementary 
action and which comprise at least one dextran 
derivative . 

Different dextrans which are substituted by side chains 
carrying carboxylate and sulfonate groups have been 
described. In particular, dextran derivatives 
comprising, respectively, 83% or 110% of units 
substituted by carboxymethyl groups, 23% or 2.6% of 
units substituted by carboxyme thy Ibenzyl amide groups, 
and 13% or 36.5% of units substituted by sulfonate 
groups (sulfonate groups carried by the 

carboxymethyl benzyl amide units) , namely RGTA9 and 
RGTAll, respectively, have been described for their 
action, in vivo in rats, on skin repair (A. Meddahi et 
al.. Path. Res. Pract . , 1994, 190 , 923-92 8; A Meddahi 
et al.. Diabetes & Metabolism (Paris), 1996, 22^, 274- 
278) and on muscle regeneration (A. Aamiri et al . , 
Neuroscience Letters, 1995, 201 , 243-246; J. Gautron et 
al., C. R. Acad. Sci . Paris, Life sciences. Cell 
biology, 1995, 318, 671-6; A. Aamiri et al . , C. R. 
Acad. Sci. Paris, Life sciences, Neurosciences , 1995, 
318 , 1037-43) . 

As far as skin repair is concerned, A. Meddahi et al. 
(ibid) propose making good skin wounds using collagen 
pieces which have been soaked with a solution of RGTA9 
or RGTAll; an improvement in the speed and the quality 
of skin regeneration is observed under these 
conditions- This improvement could be explained on the 
basis that the RGTA9 or RGTAll trap, protect and 
release the endogenous growth factors which are 
naturally secreted during skin healing. Protection of 
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the growth factors would make it possible to avoid 
their being degraded by the natural proteases, thereby- 
preserving their ability to stimulate tissue repair. 

5 In the field of muscle regeneration, A. Aamiri et al . 
and J- Gautron et al . (ibid) propose injecting rats, 
whose rapid muscles (EDL: Extensor Digitorium Longus) 
and/or slow muscles (soleus) have been crushed, with a 
solution of RGTAll. They observe an improvement in the 
10 regeneration of the muscles following this injection: 
the treated muscles exhibit a larger number of muscle 
fibers and more rapid reinnervation. 

However, because of the method by which they are 
15 prepared, the abovementioned RGTA9 and 11 suffer from 
the drawback of exhibiting an irregular distribution of 
chemical (carboxymethyl , carboxymethylbenzylamide and 
sulfonate) groups and polysaccharide chains, leading to 
a heterogeneous final product whose properties are 
20 difficult to control. 

The aim of the inventors has therefore been to select 
dextran derivatives which differ from the already- 
described compounds RGTA9 and 11 in order to provide 

25 for pharmaceutical compositions which have an 
anticomplementary or healing action, in particular in 
the fields of skin, muscle, ocular or gastric mucosal 
healing, which more satisfactorily meet practical 
requirements, in particular by exhibiting an increased 

3 0 activity, and which are suitable for administration to 
humans, this being in forms and at doses which are 
adjusted for optimum efficacy. 

Thus, the inventors have developed pharmaceutical 
35 compositions which have a healing and anticomplementary 
action and which are based on specific dextran 
derivatives . 
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The present invention relates to a pharmaceutical 
composition which has a healing action and which 
comprises : 

5 (1) at least one dextran derivative of general formula 
DMCaBbSUc/ in which: 

D represents a polysaccharide chain, preferably 
consisting of linked glucoside units, 

10 

MC represents methylcarboxyl groups, 

B represents carboxymethylbenzyl amide groups, 

15 Su represents sulfate groups (sulfation of the free 
hydroxyl functions carried by the glucoside units) , 

a, b and c represent the degree of substitution (ds) , 
expressed in relation to the number of free hydroxyl 

2 0 functions in a glucoside unit of the dextran, with MC, 

B and Su groups, respectively; a being > 0.6, b being 
equal to 0 or > 0.1 and c being equal to 0 or being, 
broadly, between 0 . 1 and 0.5, 

25 (2) as well as at least one pharmaceutically acceptable 
excipient , 

said dextran derivative being present at a unit dose of 
between 0.1 and 50 mg. 

30 

"Excipient" is understood as being any adjuvant or 
vehicle which is without pharmacological action but 
which makes it possible to manufacture, preserve or 
administer the pharmaceutical composition. Any 

3 5 pharmaceutically acceptable excipient, which is 

selected, for example, from the excipients which are 
commonly used in pharmacy, can be employed in the 
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pharmaceutical composition according to the invention 
having a healing action. 

The pharmaceutical composition according to the 
5 invention thus comprises dextran derivatives which 
differ significantly from those described in the prior 
art under the designations RGTA9 and 11, in particular 
due to the fact that they do not comprise any sulfonate 
units . 

10 

The above-defined dextran derivatives are regarded as 
being copolymers which consist of imaginary subunits R- 
OH and R-OX, where X can be a methylcarboxylate (MC) , 
benzylamide (B) or sulfate (Su) group, the 
15 polysaccharide chain of the unsubstituted dextran being 
regarded as consisting of 300 imaginary R-OH subunits 
instead of 100 glucoside units, having regard to the 
fact that an unsubstituted glucoside unit comprises 
three free hydroxyl groups. Thus, a dextran 

2 0 methylcarboxylate (DMC) having a degree of substitution 

(ds) of 1.2 in methylcarboxylate groups contains 1.20 
substituted (R-MC) group [sic] and 1.80 free hydroxyl 
(R-OH) group [sic] per glucoside unit. It must, of 
course, be understood that the sum of the a, b, and c 
25 degrees of substitution in the above-defined general 
formula DMCaBbSuc is less than or equal to 3 . 

The derivatives of the dextran of general formula 
DMCaBbSUc/ as defined above, can be obtained by means of 

3 0 a process which comprises the following steps, as 

described in French patent 2 772 382: 

a) carboxymethylatlon comprising (i) the activation of 
an unsubstituted dextran by bringing said dextran into 
3 5 contact with a basic two-phase liquid water-alcohol 
medium for at least 1 h, while stirring, (ii) addition 
of monochloroacetic acid to the resulting activated 
product, at a temperature, of between 4 0 and 90 °C, 
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preferably at SO^C, the Rmc ratio, equal to the number 
of moles of monochloroacetic acid/number of moles of 
OH, being between 0.3 and 2, (iii) isolation, and, 
where appropriate, purification, of the resulting 
5 dextran methylcarboxylate (DMC) ; 

b) coupling benzylamine to the methylcarboxylate groups 

(benzylamidif icat ion) comprising (i) bringing the DMC 
obtained in a) into contact, for at least 2 h and in 

10 acid aqueous medium, with a primary amine (benzylamine) 
in the presence of a water-soluble carbodiimide such as 
1 -cyclohexyl - 3 - ( 2 -morphol inoethyl ) carbodi imide meta-p- 
toluenesulfonate (CMC) or l-ethyl-3- (3- 

dimethylaminopropyl) carbodiimide hydrochloride (EDC) as 

15 coupling agent, at a temperature between 0°C and 3 0°C, 
the water-soluble carbodi imide/MC molar ratio being 
between 0.25 and 2 and the benzylamine/MC molar ratio 
being between 0.25 and 2, (ii) isolation of the 
resulting dextran methyl carboxyl benzylamide (DMCB) 

20 and, where appropriate, its purification; 

this step, which is carried out in homogeneous medium 
and in the presence of a water-soluble carbodiimide as 
coupling reagent, makes it possible to control the 
reaction and therefore prepare the final product, this 

25 latter exhibiting homogeneity in the distribution of 
the chain sizes, illustrated by an elution profile of 
the symmetrical Gaussian type in high-performance 
steric exclusion chromatography, and homogeneity in the 
distribution of the charged chemical groups, 

30 illustrated by an elution profile having a single 
symmetrical peak in low-pressure ion exchange 
chromatography; then 

c) sulfation comprising (i) the formation of a 
3 5 trialkylammonium salt of the DMCB obtained in b) , (ii) 

dissolution of the resulting salt in an anhydrous polar 
solvent, generally a Lewis base (electron donor) such 
as dimethyl sulfoxide (DMSO) or dimethyl formamide 
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(DMF) , and (iii) the addition, to said salt in 
solution, of a sulfur trioxide-based complex such as 
SO3 -pyridine, SO3- triethylamine or SO3-DMS, in solution 
in the same solvent, at a temperature of less than 
5 70*^0, the sulfur trioxide-based complex/free OHs molar 
ratio being between 0.25 and 12. 

The dextran derivatives obtained in accordance with 
such a process, and which are used in the 

10 pharmaceutical composition according to the invention, 
exhibit homogeneity in the distribution of the chain 
sizes, illustrated by an elution profile of the 
symmetrical Gaussian type in high-performance steric 
exclusion chromatography, and homogeneity in the 

15 distribution of the charged chemical groups, 
illustrated by an elution profile having a single 
symmetrical peak in low-pressure ion exchange 
chromatography. These dextran derivatives are such that 
the distribution of the chemical groups confers a 

2 0 specific biological property on the final product; the 

consequence of such a distribution is that the chemical 
composition of each polysaccharide chain is identical 
to the global chemical composition of the product. For 
this reason, an optimum chemical composition is 
25 available for a maximum specific biological activity; 
there is, therefore, a direct relationship between the 
biological property under consideration and the global 
chemical composition of the product. 

3 0 Particularly advantageously, the composition according 

to the invention, which composition comprises at least 
one dextran derivative as described above, at the 
abovementioned unit dose, makes it possible to obtain a 
particularly efficacious healing action. 

35 

This property is linked to the interaction between the 
dextran derivatives and the growth factors which are 
naturally secreted at an injured site, as has been 
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demonstrated, in particular, by A. Meddahi et al . , in 
Journal of Biomedical Materials Research, 1996, 31 , 
2 93-2 97, by J. Lafont et al - in Growth factors, 1998, 
16, 23-38 and by F. Blanquaert et al . , in Journal of 
5 Biomedical Materials Research, 1999, 44^, 63-72. F. 
Blanquaert et al . (ibid) have shown that a high degree 
of substitution in sulfonate units is important for 
ensuring that a dextran derivative interacts with 
growth factors. Surprisingly, the dextran derivatives 

10 used in the pharmaceutical composition according to the 
invention, and which do not comprise any sulfonate 
groups, are nevertheless able to protect growth 
factors, such as FGFs {Fibroblast Growth Factors) , 
TGF-a and (3 {Transforming Growth Factors) , IGFs, EGFs 

15 {Epidermal Growth factors) and PDGFs (Pa tent -Derived 
Growth factors) from proteolytic degradation and in 
this way promote their beneficial action on healing . 

The invention also relates to the use of the above- 

2 0 defined pharmaceutical composition for preparing a 

medicament having healing action. 

In particular, the invention relates to the use of the 
above-defined pharmaceutical composition for preparing 
25 a medicament which has an action on the healing of the 
gastricmucosa, in which case the dextran derivative is 
preferably present in the pharmaceutical composition at 
a unit dose of between 1.5 and 10 mg. 

30 In this use, the pharmaceutical composition, which is 
advantageously in the form of a gel, a gastric 
dressing, a syrup or a potable solution, is suitable 
for administration by the oral route. 

3 5 Particularly advantageously, the dextran derivative can 

be enclosed in a vector which allows it to be released 
over an extended period or enables it to be released 
specifically at a given site. The enclosure can, for 
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example, be a gastric juice-resistant enclosure. The 
invention also relates to the use of the above-defined 
pharmaceutical composition for preparing a medicament 
having an action on muscle healing, in which case the 
5 dextran derivative is preferably present in the 
pharmaceutical composition at a unit dose of between 
0 . 5 and 5 0 mg - 

Such a pharmaceutical composition is present, for 
10 example, in the form of a gel or an ointment (for use 
by means of local external application) , or else in the 
form of an isotonic solution, that is to say a solution 
whose osmotic pressure is the same as that of the 
blood. In this latter case, the pharmaceutical 
15 composition is suitable for being administered by the 
parenteral route, for example in the form of an 
intramuscular in j ect ion . 

The invention also relates to the use of the above-' 

2 0 defined pharmaceutical composition for preparing a 

medicament having an action on ocular healing, in which 
case the dextran derivative is preferably present in 
the pharmaceutical composition at a unit dose of 
between 0.1 and 10 mg. 

25 

In this use, the . pharmaceutical composition is present 
in the form, for example, of eye drops or of an 
ophthalmic ointment . 

30 The present invention also relates to a pharmaceutical 
composition which has an action on skin healing and 
which is suitable for being administered topically, 
this pharmaceutical composition comprising: 

3 5 (1) at least one dextran derivative of general formula 

DMCaBbSUc as defined above. 
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(2) and also at least one pharmaceutically acceptable 
excipient , 

said dextran derivative being present at a 
5 concentration of less than 10% (by weight /volume) . 

The invention also relates to the use of such a 
pharmaceutical composition for preparing a medicament 
which has an action on skin healing and which is 
10 intended to be administered topically, 

In this use, the pharmaceutical composition can take 
the form of a paste, an ointment, an aqueous liquid, an 
oily liquid, an aqueous gel, an oily gel, an aerosol, a 
15 foam, a microemulsion, a multiple emulsion, liposomes 
or nanoparticles ■ 

"Paste" is understood as meaning an anhydrous paste, 
for example a paste based on propylene glycol , glycerol 

2 0 or stearic acid. An ointment can be obtained by using 

polyethylene glycol, vaseline or liquid paraffin. 

Said pharmaceutical composition could also, for 
example, take the form of a powder, that is to say a 
25 lyophilizate which is suitable for being returned to 
the form of a solution at the time of its use. 

The pharmaceutical composition having an action on skin 
healing according to the invention can be applied 

3 0 topically (external local route) to the skin wound 

either directly or by way of a medical device such as a 
compress, classically a cotton or fabric compress, 
which is saturated with the composition according to 
the invention at the above -indicated concentration. 

35 

The present invention also relates to a pharmaceutical 
composition which has an anticomplementary action and 
which comprises : 



-lo- 
ci) at least one dextran derivative of general formula, 
DMCaBbSUc in which: 

D represents a polysaccharide chain which preferably 
5 consists of linked glucoside units, 

MC represents methylcarboxylate groups, 

B represents carboxymethylbenzylamide groups, 

10 

Su represents sulfate groups (sulfation of the free 
hydroxyl functions carried by the glucoside units) , 

a, b, and c represent the degree of substitution (ds) , 
15 expressed in relation to the number of free hydroxyl 
functions in a glucoside unit of the dextran, with MC, 
B and Su groups, respectively; a being > 0.3, b being > 
0-1 and c being equal to 0 or, broadly, between 0.1 and 
0.4, 

20 

(2) and also at least one pharmaceutically acceptable 
excipient , 

said dextran derivative being present at a unit dose of 
2 5 between 5 and 3 0 mg. 

^'Excipient" is understood as meaning any adjuvant or 
vehicle which does not have any pharmacological action 
but which makes it possible to manufacture, preserve or 

30 administer the pharmaceutical composition. Any 
pharmaceutically acceptable excipient, which is 
selected, for example, from the excipients which are 
commonly used in pharmacy, can be employed in the 
pharmaceutical composition according to the invention 

35 having an anticomplementary action. 

The pharmaceutical composition according to the 
invention having an anticomplementary action thus 
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comprises dextran derivatives which are significantly- 
different from those described in the prior art under 
the designations RGTA9 and 11, with a particular 
difference being that they do not comprise any 
5 sulfonate units. 

The dextran derivatives of general formula DMCaBbSUc 
which are present in the pharmaceutical composition 
according to the invention having an anticomplementary 

10 action are identical to those which were previously 
described in connection with the pharmaceutical 
compositions according to the present invention having 
a healing action. They can, in particular, be obtained 
by the process described in French patent 2 772 382, in 

15 which case they exhibit a homogeneity in the 
distribution of the chain sizes which is illustrated by 
an elution profile of the symmetrical Gaussian type in 
high-performance steric exclusion chromatography, and a 
homogeneity in the distribution of the charged chemical 

2 0 groups which is illustrated by an elution profile 

having a single symmetrical peak in low-pressure ion 
exchange chromatography . 

Particularly advantageously, the pharmaceutical 
25 composition according to the invention, which comprises 
at least one dextran derivative as described above, at 
the abovementioned unit dose, makes it possible to 
obtain a particularly efficacious anticomplementary 
action and can be used in all types of diseases or 

3 0 treatments which involve activation of the complement 

system (autoimmune diseases, graft rejections, plasma 
or blood dialysis, etc.) . 

The invention also relates to the use of the above- 
3 5 defined pharmaceutical composition having an 
anticomplementary action for preparing a medicament 
having an anticomplementary action. 
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In this use, the pharmaceutical composition 
advantageously takes the form of an isotonic solution. 
It is then administered by injection (for example an j 
intravenous or intramuscular injection) . 

5 

The present invention additionally relates to a 
dressing, characterized in that it is saturated with 
the pharmaceutical composition having an action on skin 
healing, which composition is suitable for topical 
10 administration, as described above. 

The bounds of the present invention would not be 
overstepped by, if necessary, adding pharmaceutically 
acceptable additives, such as preservatives, 
15 antioxidants, antibacterial agents, penetration 
factors, dyes, sweeteners and flavorings, and also one 
or more other active principles, for example an 
antibiotic, to the above -described pharmaceutical 
compositions having a healing action or an 

2 0 anticomplementary action - 

The pharmaceutical compositions according to the 
invention having a healing or anticomplementary action 
can be used both in human health and in animal health 
25 (that is, within the context of a veterinary usage) . 

The abovementioned unit doses for the pharmaceutical 
compositions according to the invention having a 
healing or anticomplementary action are given with 

3 0 respect to an adult individual weighing approximately 

70 kg; however, it will, of course, be understood that 
the skilled person will adjust these doses in 
accordance with the weight, the age and the pathology 
or the symptoms of the individual . 

35 

Apart from the abovementioned provisions, the invention 
additionally comprises other provisions which will be 
evident from the description which follows and which 
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refers to exemplary embodiments of the process to which 
the present invention relates and to the attached 
drawings in which: 

5 - Figure 1 diagrammatically illustrates the structure 
of a dextran which is substituted by the different 
chemical groups which are attached to the glucoside 
units; the position of the substituent on the different 
carbons of the glucoside-based units is shown in 
10 position 2, by way of example; 

- Figure 2 illustrates the anticomplementary activity 
of a dextran derivative of general formula DMCaBbSuc; in 
this figure, the CH50 (%) , which is measured as 
15 indicated in example 5, is depicted in terms of the 
time (hours) ; 

Figure 3 shows the healing, after 3 and 7 days 
(D3 and D7) , of dorsal skin incisions which were 

2 0 performed on rats, the wounds being treated either with 

a physiological solution (photographs in column 1) or 
with a solution of a dextran derivative of general 
formula DMCaBbSuc (photographs in column 2) , 

25 It should, of course, nevertheless be understood that 
these examples are given solely by way of illustrating 
the subject matter of the invention, of which they in 
no way constitute a limitation. 

3 0 EXAMPLE 1 ; Absence of sulfonate groups In the different 

dextran derivatives of general formula DMCaBbSUc which 
are used In the pharmaceutical compositions according 
to the present Invention. 

35 a) Protocol 



The following desulfation protocol, which is suitable 
for desul fating a variety of products without removing 
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any sulfonate groups which may be present, was 
performed . 

The product, in the form of the sodium salt (2 50 mg, 
5 10 ml) , is slowly stirred at room temperature with 3 ml 
of cation exchange resin (Amberlite® IR120 H+, 16-45 
mesh, total exchange capacity: 1.9 meq/ml) . After 2h, 
the acid solution is filtered, neutralized with 
pyridine (1 to 2 ml) to a pH of 6-6.5 and evaporated to 
10 dryness. The resulting pyridinium salt is taken up 
3 times with 10 ml of anhydrous methanol and evaporated 
to dryness. 

The residue is dispersed in 25 ml of a 90:9:1 mixture 
15 of dimethyl sulfoxide (DMSO) , methanol and pyridine. 
The solution is stirred in an oil bath, which is heated 
at 90 °C, for 72 h. The reaction is stopped by adding 2 0 
ml of cold double distilled water and the mixture is 
then neutralized with an aqueous solution of IM NaOH. 
2 0 The desul fated product is purified by low-pressure 
steric exclusion chromatography on a Sephadex G15 
column and then diafiltered through a cell equipped 
with a membrane having a cut-off threshold of 1000 Da. 
Between 160 and 210 mg of desulfated product are 
2 5 obtained. 

The products which were subjected to this protocol are 
dextran derivatives having the following compositions, 
D, MC, B, Su and S respectively representing the 
30 glucoside units of the polysaccharide chain, the 
methylcarboxylate groups , the carboxymethylbenzylamide 
groups, the sulfate groups and the sulfonate groups: 

A : DMCaBbSUcSd : a = 0.87, b = 0.16, c = 0.5 and d = 0.10, 

35 B : DMCaBbSUcSd : a = 0.87, b = 0.16, c = 0.6 and d = 0.07, 

C : DMCaBbSUcSd : a = 0.87, b = 0.16, c = 1.0 and d = 0.05, 

D : DMCaBbSUc : a = 0.81, b = 0 . 18 and c = 0.40, 

E : DMCaBbSUc : a = 0.81, b = 0 . 18 and c = 0.30, 
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F : DMCaSUc : a = 0 . 95 and c = 0.48, 
G : DMCaSUc : a = 0 . 95 and c = 0.93 

The compounds A to C, F and G correspond to reference 
5 compounds, whereas the compounds D and E correspond to 
dextran derivatives which are used in the 
pharmaceutical compositions according to the invention. 

b) Results 

10 

Table I represents a compilation of the contents of 
sulfur, measured by elemental analysis and with respect 
to 100 g of the dextran derivative, for each of the 
above -described products A to G before and after 
15 desulfation. 



Dextran 
derivative 


Before desulfation. 
Sulfur (g/100 g) 


After desulfation. 
Sulfur (g/100 g) 


A 


1 . 91 


0 .43 


B 


2 . 00 


0 .25 


C 


3 .00 


0 . 15 


D 


1 . 18 


0 


E 


0 . 96 


0 


F 


1.66 


0 


G 


2 .80 


0 



Following desulfation, sulfur is seen to be totally 
absent from products D to G, which were prepared using 
an SOa-pyridine complex, whereas products A to C 
exhibit a sulfur content which is significantly lower 
but which is not zero. It therefore follows from these 
results that the absence of sulfur corresponds to the 
absence of sulfonate groups. 

In order to confirm this result, a sodium salt of 
sulfanylic acid (sodium salt of para-analine sulfonic 
acid: H2N-C6H5-S03Na) was coupled to a dextran 
derivative of general formula DMCa, in which a = 0.95, 



20 



25 
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by following the same procedure as that previously 
described for coupling benzylamine to a dextran 
derivative carrying carboxymethyl groups. Therefore, 
apart from carboxymethyl groups, the resulting 
5 derivative only contains sulfonate groups. Its content 
of sulfur is 1.20 g/100 g. After subjecting this 
derivative to the above-described desulfation protocol, 
its sulfur content is 1.08 g/100 g. The sulfonate 
groups are not therefore globally affected by the 
10 desulfation process. The absence of sulfur from the 
dextran derivatives treated by desulfation therefore 
does indeed signify an absence of sulfonate groups. 

It therefore follows from this example that the dextran 
15 derivatives of general formula DMCaBbSUc which are used 
in the pharmaceutical compositions according to the 
present invention do not possess any sulfonate groups. 

EXAMPLE 2 ; In-vivo action of a dextran derivative of 

2 0 general formula DMCaBbSUc on skin healing. 

a) Protocol 

The animals employed are New Zealand albino rabbits 
25 which are 1 year of age and which weigh from 3.5 to 4.0 
kg. Two batches of animals are used, each consisting of 
6 males and 6 females. The first batch is treated with 
a dextran derivative of general formula DMCaBbSuc in 
which a = 0.80, b = 0.20 and c = 0.20, whereas the 
30 second batch serves as control, the animals only being 
given a physiological solution. 

The protocol adopted is as follows: 

3 5 - two epidermal -dermal skin wounds of 6 mm in diameter 

are made on either side of the vertebral axis, 
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- a compress, which is soaked, in accordance with the 
animal batches, either with a 50 jitg/ml solution of the 
abovementioned dextran derivative in a PBS buffer, or 
with a physiological solution, is applied twice daily 

5 to the skin wounds, 

- the wounds and the general state of the animals are 
examined daily, with the progress of the healing being 
monitored by taking samples from the wounds at D2 , D4 , 

10 D6, D8, DIO, D15 and D30 (the healing process is 
considered in days from the date on which the skin 
wounds are made) , 

- the samples are prepared in the form of sections and 
15 are analyzed by studying them histologically/ 

b) Results 

The different histological phenomena which are observed 
20 are summarized in tables II to IV below. 

Table II summarizes the state of the extracellular 
matrix in terms of the number of days of healing, in 
accordance with the following criteria: presence of 

25 inflammatory cells and fibroblasts (0: absence of these 
cells; +, ++ and + + : presence of these cells, with 
their number increasing as the number of + signs 
increases) and characteristics of the blood vessels (+: 
presence of vessels; 0: absence of vessels; high: 

30 vessels studied in the upper part of the histological 
section; low: vessels studied in the lower part of the 
histological section, corresponding to the part which 
is closest to the dermis) . 
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Table II: Extracellular matrix 



Days of 
healing 


Inflainmatory 
cells 


Fibroblasts 


Vessels (vs) 




Treated 
animals 


Control 


Treated 
animals 


Control 


Treated 
animals 


Control 


2 


+ 


+++ 


+ 


0 


0 


0 


4 


+ 


++ 


++ 


+ 


high: 
rounded vs 

low: 
mature vs 


high : 0 
low: vs 
directed 
toward the 
top of the 
wound 


6 


0 


++ 


+++ 


++ 


mature vs 


High: 
elongated 
and mature 
vs 


15 


0 


0 


+ 


++ 


+ 


+ 


30 


0 


0 




+ 


few vs 


few vs 



It is evident from table II that the extracellular 
matrix matures to a greater extent, and at an early 
5 stage, in the animals treated with the dextran 
derivative than in the control group. In particular, 
the inflammatory cells are less numerous in the wounds 
treated with the dextran derivative as compared with 
the untreated wounds, which display a persistence of 
10 the inflammatory phenomenon. In the wounds treated with 
the dextran derivative, it is also noted that, apart 
from appearing at an early stage, the fibroblasts are 
orientated and produce a more substantial extracellular 
matrix. 

15 

Table III summarizes the state of the epidermis, when 
it is present, in terms of the number of days of 
healing, with the term ^'migration" indicating 
initiation of the reconstruction of the epidermis by 
2 0 means of keratinocyte migration. 
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Table III: Epidermis. 



Days of healing 


Treated animals 


Control 


2 


absence 


absence 


4 


migration 


migration 


6 


reconstituted and 
differentiated 


migration 


15 


mature 


reconstituted and 
in maturation 


30 


mature 


mature 



Classically, regeneration of the epidermis involves 
migration of the cells of the dermis, followed by a 
5 reconstruction phase during which the cells 
proliferate, then maturation of the regenerated 
epidermis. It is evident from table III that the 
epidermis is reconstructed markedly more rapidly in the 
animals treated with the dextran derivative than in the 
10 animals of the control group. 

Table IV below summarizes the kinetics of the 
appearance of the growth factor TGPp {Transforming 
Growth Factor) within the wounds in terms of the number 
15 of days of healing (0: absence of TGPP; ++ and +++: 

presence of TGF[5, in a quantity which is higher the 
greater the number of the + signs) . 

Table IV: Kinetics of the appearance of the growth 
2 0 factor TGPP . 



Days of healing 


Treated animals 


Control 


2 


0 


0 


4 


+++ 


+ 


6 


+ 




15 


0 


0 


30 


0 


0 



It is evident from table IV that the kinetics of the 
appearance of the growth factor TGPP differs in the 
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animals treated with a dextran derivative as compared 
with the untreated animals: TGFP appears in large 
quantity from D4 onward in the treated animals whereas 
it only appears substantially on D6 in the untreated 
5 animals and then only in lower quantity. 

EXAMPLE 3 ; Different protocol for assessing the in-vivo 
action of a dextran derivative of the general formula 
DMCaBeSUc on skin healing. 

10 

a) Protocol 

The animals employed are 13 -week-old "hairless" rats on 
which dorsal skin incisions of 6 cm in length are made. 
15 Four subcutaneous stitches using resorbable twisted 
thread (polyglatine 910, Vicryl®, size 5/0, ETHICON, 
France), which are spaced at distances of 1.5 cm from 
each other, are inserted in order to enable the edges 
of the incision to be brought together and opposed. 

20 

The animals are divided up into two groups: 

- a first group of 10 rats is treated with a 50 fig/ml 
solution, in a PBS buffer, of a dextran derivative of 

25 the general formula DMCaBbSuc in which a = 0.65, b = 
0 . 12 and c = 0.33, 

- a second group of 10 rats, which serves as the 
negative control and which is only treated with a 

3 0 physiological solution. 

The wounds are treated once daily for 4 days with the 
abovementioned solutions by means of topical 
application using a compress which is soaked in said 
35 solutions. Two hours after having been treated, the 
wounds are covered with a sterile dressing. A study of 
the resistance of the scars to traction is carried out 
after 3 and 7 days (D3 and D7) using small skin strips 
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which are removed from the wound- A tensiometer is 
employed to measure the maximum traction (in grams) 
exerted on these skin samples prior to rupture . 

5 b) Results 

The resistance of the wounds to rupture on D3 and D7 is 
as follows: 

10 - wounds treated with the dextran derivative: 
1 500 grams (D3) and 2 2 00 grams (D7) , 

- wounds treated solely with a physiological solution: 
900 grams (D3) and 1 2 00 grams (D7) . 

15 

Figure 3 shows photographs of the wounds which were 
only treated with a physiological solution (photographs 
in column 1^) and of the wounds which were treated with 
the solution of the dextran derivative (photographs in 
20 column 2) . A healing of much better quality is noted 
when the wounds are treated with the dextran derivative 
as compared with the wounds in the control animals. 

EXAMPLE 4 ; In-vivo action of a dextran derivative of 
25 the general formula DMCaBbSUc on gastric healing. 

a) Protocol 

The animals employed are 12 -week-old male Sprague- 
3 0 Dawley rats weighing from 200 to 250 g. Three batches 
of animals are used, with each consisting of 4 animals: 

- the first batch is treated with a dextran derivative 
of the general formula DMCaBbSUc in which a = 0.75, b = 

3 5 0.2 5 and c = 0.15, at the rate of 50 ^g/kg. 



- the second batch serves as the control, with the 
animals being treated with a native dextran T40 
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(Pharmacia Fine Chemical; weight average molecular mass 
Mw! 3 7 500 g/mol; Mw/Mn: 1-7, with Mn representing the 
. number average mass) , at the rate of 50 /xg/kg, 

5 - the third batch is treated with prostaglandin E2 
(Sigma; dose of 10 /xg/kg) , which has the effect of 
protecting the gastric mucosa against irritant products 
which induce a local inflammatory reaction. This batch 
therefore corresponds to' a positive control. 

10 

The dextran derivative, the native dextran and the 
prostaglandin E2 are dissolved in physiological saline 
and administered orally to the animals. 

15 The animals are sacrificed at different stages of 
healing, namely on D2, D4, D7 and D14 , with the healing 
process being considered on days from the date on which 
the gastric irritation is induced. The gastric mucosa 
is recovered with a view to carrying out two studies: 

20 

- quantification of the impairment of the gastric 
mucosa, 

- isolation of the receptors for the following growth 
25 factors (EGF: Epidermal Growth Factor; PDGF Platelet- 
Derived Growth Factor and TGF : Transforming Growth 
Factor) . This is because these growth factors are known 
to play an important role in gastric healing: TGF and 
EGF control cell proliferation by binding to their 

3 0 receptors whereas EGF promotes tissue restoration and 
the appearance of microvessels . 

b) Results 

3 5 o Impairment of the gastric mucosa. 



Table V represents a compilation of the results of the 
macroscopic study of the inflammatory reaction in the 
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gastric mucosa, with the study being effected in 
accordance with the following scale: 
(0) Normal mucosa. 

(+) Small superficial hemorrhagic striae. 

5 (++) Short and broad superficial hemorrhagic striae. 

(+++) Long and broad superficial hemorrhagic striae. 
(++++) Perforations . 



Table V: Impairment of the gastric mucosa. 



Days 


Dextran derivative 


Prostaglandin E2 


Dextran T40 


D2 


++ 


++ 


+++ 


D4 


+ 


+ 


+++ 


D7 


+ 


+ 


+ + 


D14 


0 


0 


++ 



10 

It can be seen from table V that the dextran derivative 
exerts effects which are comparable to those exerted by 
prostaglandin E2 but which are much superior to those 
exerted by dextran T4 0. 

15 

These results express the fact that the dextran 
derivative is able to protect the endogenous growth 
factors which are responsible for accelerating the 
healing of the gastric mucosa, 

20 

o Growth factor receptors. 

Gastric healing is evidenced by an increase in 
receptors for two growth factors: EGF and PDGF . On day 

25 D4, the group treated with the dextran derivative 
exhibits from 1.7 to 1.8 times more receptors for these 
two growth factors than does the group treated with 
dextran T4 0. On day D7, the quantity of receptors for 
these two growth factors is 3 times greater in the 

3 0 group treated with the dextran derivative than in the 
group treated with dextran T40. 
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EXAMPLE 5 ; In-vivo action of a dextran derivative of 
the general formula DMCaBbSUc on muscle healing. 

a) Protocol 

5 The animals employed are 12 -week-old male Wistar rats 
weighing from 200 to 300 g. Two batches of animals are 
used, with each consisting of 6 rats. 

The protocol adopted is as follows: after anesthesia 
10 with ether, the muscles of the hind legs are released 
from the anterior compartment of the leg and injured 
mechanically by applying, for 10 seconds, a constant 
pressure along the whole of the length of the muscle 
using a Pean forceps maintained at the second notch. 

15 

The muscle is then replaced in its compartment after 
having been given an injection of 2 00 fxl of either a 
2 0 /Ltg/ml solution of a dextran derivative of the 
general formula DMCaBbSUc in which a = 0.75, b = 0.25 
20 and c = 0.15 (right leg) or a physiological solution 
(left leg) . The muscle is left in place for 3 minutes 
in order to allow the product to diffuse and the skin 
is then sutured . 

25 The treated muscles (right and left hind legs) are 
removed after 7 days and frozen at -150°C. 10 /xm 
transverse sections are then made in the median region 
of the muscle. The dried sections are stained with 
Gomori's trichrome stain. 

30 

b) Results 

Table VI represents a compilation of a morphometric 
analysis of a number of fibers and their diameter, with 
35 the analysis being carried out on micrographic montages 
corresponding to a transverse hemisection of the 
muscle . 



I 
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Table VI ; Morphometric analysis of the muscles 





Muscle treated 
with the dextran 
derivative 


Muscle treated with 
the physiological 
saline 


Diameter of the muscles 
(mm) 


6,5 ± 0.3 


4.3 ± 0.2 


Nioinber of muscle fiber 
bundles per section 


21 ± 2 


11 ± 3 


Nuinber of fibers per fiber 
bundle 


78 ± 10 


65 ± 5 


Density of the fibers 
( number /mm^) 


722 ± 52 


83 ± 12 



It can be seen from table VI that the muscles treated 
with the dextran derivative regenerate more rapidly 
5 than do the untreated muscles: the density of fibers is 
clearly higher than that in the muscles which were only 
given a physiological saline solution. The number of 
muscle fiber bundles, and the diameter of the muscles, 
provide evidence, respectively, of a muscle 
10 reorganization which is accelerated, and of a degree of 
muscle maturation which is improved, when the muscle is 
treated with the dextran derivative, 

EXAMPLE 6 : In- vivo action of a dextran derivative of 
15 the general formula DMCaBbSUc on ocular healing. 

a) Protocol 

2 0 New Zealand white rabbits (10 males and 10 females) 
20 are used, with the rabbits being 1 year old and 
weighing from 2.5 to 3 kg; a 5.5 mm filter soaked in a 
IN solution of sodium hydroxide was placed for 60 
seconds on the right eye of these rabbits, which were 
then divided up into 4 groups of 5 animals each: 

25 
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- the first group is treated three times daily with 
100 (il of a solution containing 0 . 1 ng of FGF-2 
{Fibroblast Growth Factor-2) ; 

5 - the second group is treated three times daily with 
100 111 of an isotonic solution containing 50 fig of a 
dextran derivative/ml of the general formula DMCaBbSUc 
in which a=0.75, b=0.31 and c = 0.34; 

10 - the third group is treated three times daily with 
100 fil of a solution containing 0 . 1 ng of FGF-2 and 
50 iig of the abovementioned dextran derivative/ml; 

- the fourth group (control group) is treated three 
15 times daily with 100 jul of a PBS buffer solution. 

The speed of ocular healing in the four groups of 
animals is compared by means of histological studies 
carried out on days Dl, D2 , D4, D6 and D8 . 

20 

b) Results 

The histological studies which were carried out show 
that the duration of ocular healing, expressed in 

25 accordance with a mean for each group of animals, is 4 
days in the case of the third group, 5 days in the case 
• of the first group, 6 days in the case of the second 
group and 8 days in the case of the control group. The 
ocular healing is therefore more rapid in the animals 

3 0 treated with the dextran derivative than in the control 
group. It is also noted that the healing takes place at 
an earlier stage when the dextran derivative is 
combined with a growth factor, as compared with when 
the dextran derivative is used or when the growth 

35 factor is used on its own, thereby demonstrating the 
protective and potentiating effect of the dextran 
derivative used in the compositions of the present 
invention vis-a-vis growth factors. 
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EXAMPLE 7 : In- vivo anticomplementary action of a 
dextran derivative of the general formula DMCaBbSUc- 

a) Protocol 

5 

The animals employed are 12 -week-old Sprague-Dawley 
male rats weighing from 200 to 300 g. Three batches of 
animals are used, with each batch consisting of 5 rats: 

10 - the first batch is given an injection of 500 /il of a 
solution containing Sephadex® G2 5 at the rate of 2 0 fig 
(Sephadex® is an activator of the alternative pathway 
of the complement system in humans) , 

15 - the second batch is given an injection of 50 0 fil of a 
solution containing Sephadex® G25 at the rate of 2 0 /xg 
and 50 /xg of native dextran (4 0 000 g/mol) , 

- the third group is given an injection of 50 fxl of a 
20 solution containing Sephadex® G25 at the rate of 20 fig 

and 50 fig of a dextran derivative of the general 
formula DMCaBbSUc in which a = 0.60, b = 0.35 and c = 
0.25. 

25 Lambda -carrageenan can also be used as an activator of 
the complement system in place of the Sephadex® in 
accordance with the following protocol, which leads to 
the same results as those given below: 

30 - the first batch of animals is given an injection of 
200 fil of a 1% (m/V) solution of lambda- carrageenan in 
0.9% of NaCl, 

- the second batch of animals is given an injection of 
35 2 00 fil of this solution of lambda- carrageenan followed 

(30 minutes later) by an injection of 100 fil of the 
dextran derivative, 
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- the third batch of animals is given an injection of 
200 /xl of this solution of lambda- car rageenan followed 
(30 minutes later) by an injection of 100 /xl of a 0.9% 
saline solution. 

5 

Cleavage of the C3 protein is determined by means of 
Immunoelectrophoresis using an anti-C3 antibody. 

The anticomplementary action is studied by means of a 
10 hemolytic or CH50 assay, in accordance with a protocol 
in which the serum of the rats, withdrawn at different 
time intervals, is activated by sheep erythrocytes 
which are sensitized by rabbit antibodies directed 
against sheep red blood cells (EA) . By definition, one 
15 CH50 unit corresponds to the concentration of 
complement proteins (contained in one milliliter of 
serum) which is capable of inducing the hemolysis of 
50% of 2 X 10^ activated EAs in a reaction medium where 
the volume, the temperature and the reaction time are 
20 kept constant. The number of hemolytic sites per cell 
is calculated. 

b) Results 

25 An immunoelectrophoresis using an anti-C3 antibody, 
carried out on the serum of the rats which were given 
the dextran derivative (the third batch of animals) , 
does not show any cleavage of the C3 protein, contrary 
to the sera of the rats which were given the native 

3 0 dextran and/or the Sephadex® (first and second batches 
of animals) . 

The native dextran did not have any effect on 
inhibition of the activation of the complement. 

35 

The dextran derivative which is used in the 
pharmaceutical composition according to the invention 
induces very rapid inhibitory action of the complement. 
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as shown in figure 2, which depicts the CH50 (%) 
plotted against time (hours) - This continues for 4 
hours after the injection. The CH50 returns to its 
initial level 20 hours after the injection. 
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CLAIMS 

1. A pharmaceutical composition which has a healing 
action and which comprises: 

5 

(1) at least one dextran derivative of the general 
formula DMCaBbSUc in which: 

D represents a polysaccharide chain, preferably 
10 consisting of linked glucoside units, 

MC represents methylcarboxylate groups, 

B represents carboxymethylbenzylamide groups, 

15 

Su represents sulfate groups (sulfation of the 
free hydroxyl functions carried by the glucoside 
units) , 

2 0 ^ Sind c represent the degree of substitution 

(ds) , expressed with respect to the number of free 
hydroxyl functions in a glucoside unit of the 
dextran, with MC, B and Su groups, respectively; 
with a being > 0.6, b being equal to 0 or > 0.1 

25 and c being equal to 0 or broadly, between 0.1 and 

0.5, 

(2) and at least one pharmaceutical ly acceptable 
excipient , 



30 



with said dextran derivative being present at a 
unit dose of between 0.1 and 50 mg. 



2 . 

35 



The use of the pharmaceutical composition as 
claimed in claim 1 for preparing a medicament 
having a healing action. 



The use of the pharmaceutical composition as 
claimed in claim 1 for preparing a medicament 
having an action on the healing of the gastric 
mucosa . 

The use as claimed in claim 3, characterized in 
that the unit dose of said dextran derivative is 
between 1.5 and 10 mg. 

The use as claimed in claim 3 or claim 4, 
characterized in that said pharmaceutical 
composition is present in the form of a gel, a 
gastric dressing, a syrup or a potable solution. 

The use as claimed in any one of claims 3 to 5, 
characterized in that said dextran derivative is 
enclosed in a vector. 

The use as claimed in any one of claims 3 to 6, 
characterized in that said pharmaceutical 
composition is adapted for oral administration. 

The use of the pharmaceutical composition as 
claimed in claim 1 for preparing a medicament 
having an action on muscle healing. 

The use as claimed in claim 8, characterized in 
that the unit dose of said dextran derivative is 
between 0.5 and 5 0 mg. 

The use as claimed in claim 8 or claim 9, 
characterized in that said pharmaceutical 
composition is present in the form of a gel, an 
ointment or an isotonic solution. 

The use as claimed in any one of claims 8 to 10, 
characterized in that said pharmaceutical 



composition is adapted to administration by local 
external application or by the parenteral route. 

The use of the pharmaceutical composition as 
claimed in claim 1 for preparing a medicament 
having an action on ocular healing. 

The use as claimed in claim 12, characterized in 
that the unit dose of said dextran derivative is 
between 0.1 and 10 mg. 

The use as claimed in claim 12 or claim 13, 
characterized in that said pharmaceutical 
composition is present in the from of eye drops or 
an ophthalmic ointment . 

A pharmaceutical composition which has an action 
on skin healing, which is adapted to topical 
administration and which comprises: 

(1) at least one dextran derivative of the general 
formula DMCaBbSUc in which: 

D represents a polysaccharide chain, preferably 
consisting of linked glucoside units, 

MC represents methylcarboxylate groups, 

B represents carboxymethylbenzylamide groups, 

Su represents sulfate groups (sulfation of the 
free hydroxyl functions carried by the glucoside 
units) , 

a, b and c represent the degree of substitution 
(ds) , expressed with respect to the number of free 
hydroxyl functions in a glucoside unit of the 
dextran, with MC, B and Su groups, respectively; 



with a being > 0,6, b being equal to 0 or > 0.1 
and c being equal to 0 or, broadly, between 0.1 
and 0 - 5 , 

(2) and also at least one pharmaceutically 
acceptable excipient , 

with said dextran derivative being present at a 
concentration of less than 10% (by weight /volume) . 

The use of the pharmaceutical composition as 
claimed in claim 15 for preparing a medicament 
which has an action on skin healing and which is 
intended to be administered topically. 

The use as claimed in claim 16, characterized in 
that said pharmaceutical composition is present in 
the form of a paste, an ointment, an aqueous 
liquid, an- oily liquid, an aqueous gel, an oily 
gel, an aerosol, a foam, a microemulsion, a 
multiple emulsion, liposomes or nanoparticles . 

A pharmaceutical composition which has an 
anticomplementary action and which comprises: 

(1) at least one dextran derivative of the general 
formula DMCaBbSUc in which: 

D represents a polysaccharide chain, preferably 
consisting of linked glucoside units, 

MC represents methyl carboxylate groups, 

B represents carboxymethylbenzylamide groups, 

Su represents sulfate groups (sulfation of the 
free hydroxyl functions carried by the glucoside 
units) , 
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a, b and c represent the degree of substitution 
(ds) , expressed with respect to the number of free 
hydroxyl functions in a glucoside unit of the 
dextran, with MC, B and Su groups, respectively; 
with a being > 0.3, b being > 0.1 and c being 
equal to 0 or, broadly, between 0.1 and 0.4, 

(2) and also at least one pharmaceutically 
acceptable excipient , 

with said dextran derivative being present at a 
unit dose of between 5 and 3 0 mg. 

The use of the pharmaceutical composition as 
claimed in claim 18 for preparing a medicament 
having an anticomplementary action. 

The use as claimed in claim 19, characterized in 
that said pharmaceutical composition is present in 
the form of an isotonic solution. 

A dressing, characterized in that it is soaked 
with the pharmaceutical composition as claimed in 
claim 15. 
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